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'I'SE design of this work ie to furnish an epitome of the leading 
pviiiciplcs of tlie EciencB of Zofllogy, as deduced from the present 
state of knowledge, so illustrated as to be intelligible to the begin- 
ner. No Bimilar treatise now exists In tliis country, and, indeed, 
some of the topics have not been totiched upon in the English lan= 
guage, unlesfi iu a strictiy technical jbrm, and in scattered arlioles. 
On this acoonnt, some of the chaptei-a, like thoee on Embryology 
raid Metamorphosie, may, at first, seem too abstiuse for scholars in 
our comiQon schools. This maybe the case, until teachers shall have 
made themselves somewhat familiar with subjects comparatively new 
to them. But ao essential have these subjects now become to a correct 
interpretfttion of philosophical aoology, that the study of them will 
hereafter be indispensable. They famish a key to many phenomena 
wMoh have been heretofore looked in mystery. 

Being intended for American students, the Ulustrationa have been 
drawn, as far aa possible, from American objects ; some of them are 
presented merely as ideal outlines, which convey a more definiie 
idea than accurate Bketches from nature ; others have been left im= 
perfect, except aa to the parts especially in question ; a large propor- 
tion of thero, however, ore accurate portraits from original dia wings. 
Popular names have been employed as for as pcssibis, and t« the 
ucientillc names an Ei^Iish termination has generally been given ; 
but the technical terms have been added, in brackets, whenever mis- 
tinderstanding was apprehended. Definitions of those least likely 
to he understood, may be found in the Index. 

The principles of Zoology developed by Professor Agaasiz In hifl 
published works have been generally adopted in this, and the results 
nl many new researches have been added. 

The authors gratefiiUy acknowledge the aid they have ceceivedj 
hi preparing the illustrations and worldng out the details, from Mr. 
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E. Dcsor 101' many years an associate of Professor AgQssiz,fi;mn Count 
Pourtfll^i and E. C. Cabot, Esq., and also from Professor Aan Gray, 
by valuable suggestions in the revision of the letter-press. 

The first part is devoted to Comparative Anatomy, Physiology, 
and Embryology, as the basis of Classification, and also to the illus- 
tretion of the geographical distribution and the geological succession 
of Animals ; the second to Systematic Zoology, in which the prin- 
ciples of Classification -will be applied, and the principal gcoups <£ 
animals will be briefly characterized. 

Should our aim be attained, this work will produce more enlarged 
ideas of man's relations to Nature, Bn.d more exalted coneeptions of 
the Plan of Creation and its Great Author. 
Boston, June 1, 1843. 



PREFACE TO THE EEVISED EDITION. 

In revising the present work, the authors have endeavored to 
render more precise those passages which admitted of too broad a 
significiition or of a double interpretation; and to correct such eriors 
as had arisen from inadvertence, or such as the rapid progress of Sci- 
ence has disclosed. They are indebted for many suggestions on 
those points to several distinguished teachers who have used the work 
as a text book, and more especially to Professor "Wyman, of Harvard 
University. Several entirely new paragraphs have also been added. 

A list of Eome of the principal authors who have made original 
researches, or of treatises which enter more into detail than was ad- 
missible in an elementary work, has been given at the close of the 
volume, for the use of those who would pursue the subject of 
Zoology in a more extended manner. 

The work having thus been revised and enlarged, the authors sub- 
mit it to the pubEe with increased confidencE in its aecuraey and 
usefulness. 

Boston, Fehr«ary 1, 1851. 
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EXPLANATION OF THE EIGITKES. 



Fhontispiece. — The diagram opposite the title pa^e is intended to 
present, at one view, llie distribution of the principal types of aniiua-ls, 
and the order of their successive appearance in the layers of the earth'a 
ornst. The four Ages of Nature, mentioned at page 221, are represented 
by four aones, of different shades, each of which is subdivided by ciicles 
indicating the number of formations of which they ate composed. The 
whole disk is divided by radiating lines into four segments, to include the 
four great departments of the Animal Kingdom ; the Vertebrates, with 
Mau at their head, are placed in the upper compartment, the Articulates 
at the left, the Mollusks at the right, and the Radiates below, as being 
the lowest in rank. Each of these compartments is again subdivided tc 
include the different classes belonging to it, which are named at the outei 
circle. At the centre is placed a figure to represent the primitive egg, 
with its germinative vesicle and germinative dot, (278,) indicative of the 
universal origin of all animals, and the epoch of hfe when all are appar- 
ently alike, {275, 276.) Surrounding this, at the point from which enull 
depaitment radiates, are placed the symbols of the several departments, 
as explained on page 155. The zones are traversed by rays which repre- 
Boat the principal types of animals, and their origin and termination in- 
dicates the age at which they first appeared or disappeared, all those which 
reach the oiroumtetence being still in existence. The width of the ray in- 
dicates the greater or less prevalence of the type at different geological 
ages. Thus, in the class of Crustaceans, the Trilobites appear to eoin- 
menee in the earliest strata, and to disappear with the carboniferous for- 
mation. The Ammonites also appeared in the Silurian formation, and 
did not become extinct before the deposidon of the Cretaceous rocks. 
The Belemnites appear in the lower Oolitic beds! many forms commence 
in the Tertiary ; a great number of types make their appearance only in 
the Modern age ; while only a few have continued from the Silurian, 
through every period to the present. Thus, the Crinoids were very nu- 
merous in the Primary Age, and are but sightly developed in the Tertiary 
and Modem Age. It is seen, at a glance, that the Animal Kingdom ia 
much more diversified in the later than in the earlier Ages. 

Below the circle is a section, intended to show more difltinotly the rel- 
ative position of the ten principal formations of sti-atified rooks (461) 
oompcising the four great geological ages ; the numerals coneaponding to 
those on the ray leading to Man, in "he circular figure. See also figure 154. 



HnslcdhyGoOgIC 



:oN or THE 

The Chakt of ZoatooiOAt Reoioss, page 195, is intended to show 
tiie limits of tho several Faunas of the American Contment, oorceapond- 
ing to the oliniatal regions. And as the higher regions of the movintains 
correspond in temperature to the climate of higher latitudes, it will b* 
seen that the northern temperate fauna extends, along the mountains of 
Mexieo and Central America, much fartlier towards the Equator than it 
does on the lower IcTcla. In the same manner, Ihe southern warm fauna 
extends northiiard, along the Andes. 

FlQ. 

1. Simple cell, magnified, as seen in the house-leek. 

2. Cells when altered by pressure upon eaeh other; from the pith of elder. 

3. Nucleated cells, (a,) magnifledi 6, nucleolated cells. 

i. Cartilaginous tissue tVom a horse, magnified ISO diameters. 
6. Osseous Ussue from a horsB, magnided 450 diameters. 

6. Nervous fibres, showing the loops as they terminate in tlie skin of b 

7. Gray iubstanceofthe brain, magnified, 

8. Head of an embryo fish, to show its i " " 

9. Diagram, to show the nervous eyetf 

10. Di'igram of the neiTOiis system of the Articulates, as seen in alobsler. 

11. Diagram of the nervous system of the MoUusks, as found in Natka 

12. Diagram of the nervous system of the Radiates, as found in Scutella, 

( Eahiiiariuihniia parraa. ) 

18. Section of the eye. a, optic nerve; 6, sclerotic coat; e, choroid coat; 

il, retina; e, crystalline lens ;/, cornea ; J", iris; A, viti-eous body ; 
t, chamber, divided by the iris. 
U. Diagram, showing the effect of the eye on rays of light. 

15. Position of the eye of the snaiL 

16. Eyes (oceUi) of the spider. 

17. Bye-spols of a star-fish, {Bohinoster aanguinoleiitits.) 

IS. Compound eyes, showing the arrangement of the fegettes, and iheii 
connection with the optic nerve, as seen in a crab's eye. 

19. Diagram of the human ear, to show the different chambers, canals, 

and bones. 
Sd Tympanum and small bones of the ear, twice the natural size; a, 

tympanum; «!, malleus; n, incus ; o, orbioulare; s, stapes. 
21 Section of the brain of a ciow, showing the origin of tho nerves of 

the special senses. 
22. Diagram of the laryns, in man. 
33. LarynK of the merganser, (Meri/us merganser.) 

24. Nests of Plocens Philippinus, male and female. 

25. Distribution of nerves to the muscular fibres. 

2S. Test, or emst-like covering of an Echinoderm, {Cidans.) 
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OF THE FIGURES. 13 

^7. Muscular ribbons ot tlie willow-motli, ( Coasas lignipei-da. ) 

28. Vertebra, of ft cod-tiah. 

29. DiaposiUon of the muacles of the troat, [Salmo trutta.) 

30. Disposition of the muscles of an owl, {Sliix braohyotis.) 

SI. Jellj-fishes, {Siomobradiium iniiciaitim, Hip2iocrsi!e Boitgammllii ) 

32, Leech, showing the teiiainal oupa. 

33. Poition of a NereLs, showing the gills as organs of motion. 
34-43. Modifications of the fore-arm. 

34. Monkey. 35. Deer. 36. Tiger. 37. Whale. 38. Bat. 

39. Pigeon. 40. Turtle. 41. Sloth. 42. Mole. 43. Whale. 
14. Leg nf a beetle. 
45. Leg of a lizard. 
4fl Skeleton of a tiger. 
47 Cuttle-fish, {Loligo illece^osa.) 
4S. Sea-anemone, {Actinia warginataf) a, mouth; b, stomach; c. genera] 

cavity of the bodj. 
49. Planaria, showing the mouth, alomaoh, and its brandies. 

60. Jaws, stomach, and intestine of a sea-urchin, (_BcJti»!is Uviitaa.) 

61. Plan of the digestive organs of an insect. 

G2. Plan of the digestive organs of a land-slug, (IHifiitiop/iarKj Cajviali- 



55. JawsoEanEeh 

56. Jaws of asea-ui 
67. Beakofacuttle.fiEh. 

63. Portion of the tongue o( a raoHuek, [Natica heros,) mi 
69. Jaws of an Annelide, (Wereis.) 

60. Ti'ophi (organs tor taking food) of a beetle. 

61. " of a bee. 
63,63. " of a squash-bag. 

64. " ofabuttei-flj. 

65. " ofaEotifer, (BracftionMs.) 

66. Jaws of ditto, magnified. 

67. Skull of a tiger, showing the muscles for mastication. 

68. Head of a snapping-turtle, [EinjJSEimis setyetrfaia.) 

69. Headof a Whale, showing the whalebone. 

70. Headofanant-eaMr. 

71. Head of an alligator. 

72. Head of a skate-fish, [MyUohtttis.) showing the p.iluK 

73. Head of a monkej-, showing the three different kinds 

74. Teeth of an insectivorous animal, the raole, 

75. Teeth of a carnivcfous animal, the tiger. 

76. Teeth cf a rodent. 
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of a reptile. 



bloodvessels ot a gasteropod molluslt, (ATnifco.) 
!, Trachefe, or air tubes of an insect; a, stigmata; (, trachea. 
). Belatire position of the heart and lungs in man. 
I. Respiratorj organs of a naked moUusk, iPolf/ceia illmmnata.) 

catory organs (gills) of a fish. 
J. Vesicles and canals of the salivary glands. 

ition ot the akin, magnified, to show the sweat glands ; a, the cat a 
h. blood-layer -,c,epldermis ! g, gland imbedded in the fnt-layer J / 
;g of a sltate-flsh, {Mylidbatis.) 

S7. Egg of snow-flea, {Podurella.) 

98. Section of an ovarian egg ; d, germinative dot ; g, geimlnative vesi 

99. Egg cases of Pyrula. 



vaaovilar or blood layer. 
04 E crab, slioiving its incipient rings. 

06 B yettebrate, showing the dorsal furrow. 

8 8 8 f the embryo, showing the formation of the dorsal canal 

09 S 'ing the position of the embryo of a vertebrate, in tc 

the yolk. 
8 wing the same in an articulate, {PodureUa.') 

S showing the snocessive stages of development of Ih 

the white-fish, magnified. 
T fish jnst escaped from the egg, mtli Ihc yolk not yc 

124, 126. Sections of the embryo of a bird, showing the formation of th 
allantois; e, embryo; X3i, membrane rising to form Ihe amnios 
a, allantois; y, yolk. 

126. The same more fully developed. The allantois {a) i<i fiirther (It 
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Tcloped, and bent upwards. Thenppet part of the yolK (rfiJ| is 

nearly aepai^ated ^m the yolk sphere, and is to become the in 

teatine. The heart (A) is already distinct, and eonneoted by 

tlireads witli the blood-layei' of the body. 
1S7- Section of the egg of a mammal ; v, the thick Ttteltine Ineiabrane, 

oi: chorion ; y, yolk ; s, germinative dot ; g, germinative vesiolB. 
12S. The samB, showing the empty apace (i) betweea the vitelline spheVe 

and chorion. 
129. Shows the fii-st indicatioiis of the getni already divided in two layers, 

the serous layer, («,| and the mucous la;er, (_m.) 
ISO, The mucous layer (m) expands over nearly half of the yolk, and be. 

comes covered with many little fringes. 

131. The embryo {e) is seen surrounded by the amnios, (6,) and covered 

by a large allantois, (a;) ^e, fringes of the chorion; p m, fringes 
of the matrix. 

132. Hydra, showing its reproduction by buds. 

33. Vorticella, showing its reproduction by division. 
84. Polyps, showmg the same. 

36. An individual salpa ; m, the mouth ; a, umbryoo 
137. Cercaria, or early foim of Ihe Distoma. 
{. Sistoma, with its two suckers. 
). Nurse of the Cersai'iii. 

140. The same, magnified, showing the included young. 

141. Grand nurses of the .Cercaria, enclosing the young nurses. 

142. Stages of development of a jelly-fish, (Medusa ;) a, the embryo In 

its first stage, nmeh magnified i &, summit, showing the mouth ; 
":/< !l< tentacles shooting forth ; e, embryo adheting, and form- 
ing apedicle; h, it separation into segments^ d, a segment be- 
come free ; k, form of the adult. 

1*3. Portion of a plant-like polyp, {Caaipantdaiia ) a, the cup which 
bears tentacles ; h, tbe female cup, containing eggs ; e, the cupa 
in which the young are nursed, and from which they issue. 

[44. Young of the same, with its ciliated margin, magnified. 

lis. Eye of the perch, containing parasiWo worms, (Distoma.) 

146. One of the worms magnified. 

U7. Transformations of the oanker-worm, (Geometra ven^clis ■) a, the 
canker worm; b, its chrysalis ; e, female moth; d, male moth. 

118, Metamorphoses of the duck-barnacle, (ATiatifa ;) a, eggs, magnified i 
b, the animal as it escapes from the egg ; c, the stem and eye ap- 
pearing, and the shell enclosing them ; d, animal removed from 
the shell, and furthei' magnified ; e,/ the mature barnacle, affixed. 

Ii9. Metamoi-phoses of a star-lish, (EcMaaater san^nolsnlus,') showing 
the changes of the yolk, (e,-) the formation of the pedicle, (y;| 
and Ihe gradual change into the pentagonal and rayed form. 
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J OF THE FIGUKES. 
Fio. 
130. Comatula, a West India species, in its early stage, with its Btem 

151. ThB same detached, ami Bwimming free. 

152. lAiiigltudiniil section of tha sturgeon, to show its cartilaginous vop 

tebral column. 

153. Ampliiojtus, natural size, showing its imperfect organization. 

134. Section of the eacth'a crust, to slion the relative positions of the 
rocks composing it ; B, plutonic or massive rochs ; M, metamol- 
phie racks ; T, trap rocks ; L, lava. I. Loitot Silurian forma* 
Won ; 3. Upper Silurian ; 8. Devonian ; 4. Carboniferous ; 5, 
Trias, or Saliferous; 6, OoliEio; 7. Cretaceous! 8. Lower Terd- 

c, lingula prima ; b, Leptiena alter- 
n&tai c, KuomphaluB heniisphericus ; <2, Trecholites ammouius ; 
e, Avicula decussata ; f, Bucania expansa ; g, Orthocoras fusi 
forme ; », Cjathocrinua omatissimus, Hall ; J, Cariocrinua oraa- 
tuB, Say; ft, Meloorinua amphora, Goldf. ; i, Columnaria alveo 
lata ; m, Cjathophyllum quadrigeminuro, Goldf. ; n, o, Caninia 
flesuosai p, Chslotes lyooperdou. 

IS6. Artioulata of the Falieozoic age ; a, Harpes ; b, Arges ! c, Broates j 
d, PlatjDOtua; e, Eurypterua remipes. 

167. Fishes of the Palisozoic age ; a, Pterichthys ; S, Coeeosteus ; o, 
Dipterus ; d, palatal bone of a shark ; e, spine of a shark. 

158. Representadons of the tracks of supposed birds and reptiles in the 

159. Supposed outlines of Ichthyosaurus, (a,) ozid Pleaiosaurus, (6.) 

160. Supposed outline of Pterodaotyle. 

161. Shells of the Secondaiy age; a, TerabratulBi b, Goniomyai c, 

Ti'igonia; (i, Ammonite. 

162. Supposed outline of the cuttle-fish, (n,) furnishing the Belenraite. 

163. Radiata from the Secondary age ; a, Lobophyllia flabellum ; i, Litho- 

dendron pseudastyllna; c, FentEuninus briareus; i^ Fterocoma 
pinnattt ; e, Cidaiis ; /, Dysaster ; ff, Hucleolites. 

164. Shells of the Cretaceous fomation; o;, Ammonitesi 5, Criociernaj 

0, Scaphites; d, Ancylocerasi e, Hamites; /; Baculitesj ff, 

Turrilites. 
IBS, Shells of the Cretaceous formation ; a, Magas ; b, Inoceramus ; C, 

Hippurites; d, Spondylus ; a, Plemotomarin. 
160. Radiata from the Cretaceous formation; n, Diplootenium ooidatum 

6, MarsupitBSj d, Galerites; c, Salenia; « Micrastcr cob 

anguinum. 
1(17 Nummulite. 

3S8. l,.upposed outline of Paleotherium. 
169 Supposed outline of Anoplotherium. 
no, Skeleton of the Mastodon, in the cabiuel of Dr. J. C. Warren. 
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IITEODIJCTIOS 



Every art and science lias a language of technical terms 

pecul to ts If ^ Ih those terms every student must 

n al e h If fa i a ly acquainted at the outset ; and, first 

of all he II d e o know the names of the objects about 

h 1 he s be a^cd. 

The na nes of obj c s in Natural History are double j that 
IS to saj, thej are composed of two terms. Thus, we speak 
of the white-bear, the black-bear, the hen-hawk, the sparrow- 
hawk; or, in strictly scientific terms, we have Felis leo, the 
Hon, Felis ti^s, the tiger, Fetis catus, the cat, Canis lujius, 
the wolf, Canis wipes, the fox. Cams famUiaris, the dog, 
&o. They are always in the Latin form, and consequently 
the adjective name is placed last. The first is called the 
generic name ; the second is called the trivial, or specific 

These two terras are inseparably associated in every 
object of which we treat. It is very important, therefore 
lo have a clear idea of what is meant by the terms genus aod 
spedes ; and although the most common of all others, they 
are not the easiest to be clearly understood. The Genus is 
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combmed lo fona a. fajmlt/ Thus the alewne&, lieiiiags, 
shad, &c., form a family called CI ipeidse the crows, black- 
birds, jays, &c., form the family ConidEe Families are 
combined to form orders and oiders foim c7(rsses, and fina'ly, 
classes are combined to toim the four pi maiy divisions or 
departments , of the An raal Kingdom 

For each of these groups whethei laiger or smaller, we 
involuntarily picture in our minds an imat^e made up of tlie 
truits whicb chai'acterize the gtoup This deal in:iage is 
called a type, a term wh ch theie will be fieq lent occasion 
to employ in our general lemaiks on the Animal Kingdora. 
This image may correspond to &ome one member of the 
group ; but it is rare th^t anj one species embodies all our 
deas of the claaa, fan h i ^p g lo I (,h it belongs. 
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Thus, we ha've a general idea of a bird ; but this idea does 
not correspond to any particular bird, or any partioulai 
character of a bird. It is not precisely an ostricli, an owl, 
a hen, or a sparrow ; it is not because it has wings, or 
feathers, or two legs ; or because it has the power of flight, 
or builds nests. Any, or all, of these characters would not 
fully represent our idea of a bird ; and yet every one has a 
distinct ideal notion of a bird, a fish, a quadruped, &;c. It ia 
common, however, to speak of the animal which emboijies 
moat fully the characters of a group, as the type of that 
group. Thus we might, perhaps, regard an eagle as the 
type of a bird, the duck as the type of a swimming-bird, and 
the mallard as the type of a duck, and so on. 

As we must necessarily make frequent allusions to ani- 
mals, with reference to their systematic arrangement, it seems 
requisite to give a sketch of their classification in as popular 
terms as may be, before entering fully upon that subject, and 
with particular reference to the diagram fronting the title- 
page. 

The Animal Kingdom consists of four great divisions, 
which we call Departments, namely : 



I. The department of ^ 

II, The department of Articulates. 

III, The department of Mollusks. 

IV. The department of Radiates. 



1. The department of Vekteerates includes all animals 
which have an internal skeleton, with a back-bone foi lis 
axis. It is divided into four classes : 



1. Mammals, {animals which n 
3. Birds. 
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INTEOnlTCTIOW. 



The class of Mammals is subdivided 'Mo itiree orducs ? 
a Beasts of piey, (Carttivora.) 
b Those which feed on vegetables, {Herbivora.) 
C. Animals of the whale kind, {Cetaceans.) 

The class of Birds is divided into four orders, namely, 
a. Perching Birds, (Insessores.) 
i. Climbers, (iScansores.) 

c. Waders, {(rrailatores.) 

d. Swimmers, {Natalore.s.) 

The class of E.eptileb is divided into iive ordess ; 

a. Large reptiles with hollow teeth, most of which nm 

now extinct, [BJdzodonts.) 
h. hizards, {Lacertians.) 

e. SaalKs, [Ophidians.) 
d, TaT'ies, {CheloniaTis.) 

6. Frogs and Salamanders, (Balraeidans.) 

The class of Fishes is divided into four orders : 

a. Those with enamelled scales, iilte the gar-pike, 

(Gatioids,) Gg. Ibt, c. 
h. Those with the skin like shagreen, as the sharks and 

skates, {Plactnds.) 
C. Those which have the edge of the scales tootheci, 

and usually with some bony rays to th° lios, SlS the 

perch, [Ctenoids.) 
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d. Those whose scales are eutiie, i nd whose fm Toys. 
are soft, iilie the salmon, {Cycloids.) 

n. Department of Akticulates. Animals whose body is 
cfimposed of rings or joints. It embracea three classos : 

1. Insects, 

2. Crustaceans, like the crab, lobster, &c. 

3. Worms. 

The class of Iksect^ includes three orders : 

a. Those with a trunk for sucking fiuids, like che butter^ 

fly, {Suctoria,) fig. 62-^4. 
h. Those which have jaws for dividing liieir food, {Man- 

ducala,) fig. 60. 
c. Chose destitute of wbgs, like spiders, fleas, millipedes 

&c., {Aptera.) 

The class CnusTACi^AWS may be divided as follows : 

a. Tlioso furnished with a shield, like the crab and lob- 

ster, (Malacostraca.) 

b. Such as are not thus protected, {Entotnostraca.) 

c. An extinct race, inlermediale between these two, 

( Trihlnies,) fig. 156. 

The class of Worms comprises three orders ; 

a. Those which have thread-like gills about the head, 

( Tuhulihranchiaies.) 

b. Those whose gills are placed along the sides, { T)or' 

sihraiichiales.) 

c. Those who have no esterior giiis, like the earth-worm 

{AhrancMates,) and also the Intestinal Worms. 
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III. The department of Moli.usks is diviJfiQ into \hrtx 
;!asses, namely ; 

1. Tliose which have arms about the moiilli, like llie 

cuttle-iish, {Cepkalopods,) fig. 47. 
3. Those wliich creep on a flattened disk or foot) like 

snails, (^Gasteropods,) fig. 88. 
S. Those which have no distinct head, and are incloacJ 
in a bivalve shell, like the clams, (Acephah.) 

Tho Cepualopods may be divided into 

a. Tho cuttle-fislies, properly so called, {TejitMdearis,) 
fig. 47. 

h. Those having a shell, divided by sinuous partitions 
into numerous chambers, (Ammonites,) fig. 164. 

c Those having a chambered shell with simple par- 
titions, (Naulilus.) 

The Gast]!ilopods contain four ordera : 

a. The land snails which breathe air, (Fulraonal.es,) 
h. The aquatic snails wliich breathe water, (Branckf 
</br>,)fig.88. 

c. Those which have wing-like appendages about tlse 

head, for swimming, (Pieropods.) 

d, A still lower form allied to the Polyps by their gen- 

eral appearance, [R/dzopods or Foraminifera.) 



The class of Acephals contains three orders : 

a. Those having shells of two valves, (bivalves,) like tlie 

clam and oyster, (LamellibrancMates.) 
d. Those having two unequal valves, and furnished with 

peculiar arras, (JBrochiopotls.) 
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c. Mollusks living 111 cliains or clustera, like the Salpit, fig, 

135 ; or upon plant-like stems, like Fluatra, ( Bri/O' 

[V. Tde department of Radiates is divided into three 
;lnsses ; 

1. Sea-urchins, bearing spines upon the surface, [Schin- 

oderms,) figs. 12, 26. 

2. Jelly-fishes, {Acale^lis,) fig. 3L 

3. Polyps, fixed like plants, and with a series of Hexible 

arms around the mouth, figs. 48, 77, 143. 

The EcHiftODERMS are divided into four orders : 

a. Sea-slugs, like biche-le-mar, {Holot/iurians.) 

b. Sea-urchins, {Echiiii,) fig, 36. 

C. Free star-fislies, (Asteridie,) fig, 17. 

d. Star-fishes mostly attached by a stem, {Criiioids,j 

figs. 150, 151. 

The AcALKi'HS include the following orders; 

a. Those furnished with vibrating bail's, by which they 

move, (Ctenophora.) 
h. The MeduSK, or common jelly-fishes, {DiscopIiorfE,) 
figs. 31, 142. 

c. Those provided with aerial vesicles, [Sipkonophorm.) 

riiu class of Polyps includes two orders. 
a. The so-called fresh-water polyps, and similar marine 
forms, with lobed tentacles, [Hydroids,) fig, 143. 
6, Common polyps, like the sea-anemono and cora! 
polyp, (Actinoids,) fig. 48. 

in addition to these, there are numberless kinds of micro 
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scoplc animalcules, commonly united under the sian.e of 
infusory animals, (Infusoria,) from their being found specially 
abimdant in water infused with vegetable matter. Theso 
minute beings do not, however, constitute a natural group in 
the Animal Kingdom. Indeed, a great many that were for- 
merly supposed to be animals are now found to be vecetables. 
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PHYSIOLOGICAL ZOOLOGY 



GHAPTEK FIEST. 



1. Zoology is that department of Natural History wiiic?'- 
relateg to animals 

2. To enumerate and name the animals which are founif 
on the globe, to describe their forms, and investigate iheiv 
habits and modes of life, are the prirtcipal, Ijut by no means 
the only objects of this science. Animals are worthy of our 
regard, not merely when considered as to the variety and ele- 
gance of Iheir forms, or iheir adaptation to the supply of our 
wants ; but the Animal Kingdom, as a whole, has a still 
higher signiiicatioti. It is the exhibition of the divine thought, 
as carried out in one department of that grand whole which 
ws call Nature ; and considered as such, it teaches us moa' 
mportant lessons. 

3. Man, in virtue of his twofold constitution, the spiritual 
and the material, is qualified fo comprehend Nriiure 
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Being made !n the spiritual image of God, he is sompceiit to 
rise to the conceplion of His plan aod purpose in the works 
of Creation. Having also a material body, lilte that of 
other animals, he is also in a condition to understand the 
mechanism ■ of organs, and to appreciate the necessities of 
matter, as well as the influence which it exerts over the in- 
tellectual element throughout the domain of Nature. 

4. The spirit and preparation we bring to the study of 
Nature, s a matter of no little consequence When we wou'd 
Btudv with piofil a wor'i of hteratuie, we firbt endeavor to 
make ourselves acqiamted with the genius of ih-^ author, 
and in orde- to Know what end he hid m (lew we mii^ 
have icgard to his pie\i us labors and to the ci ciim=tnncea 
wndei w hich the work was executed "tt ilhout this allhou^h 
we maj perhaps enjoy ts perfection is ■> whole and id 
mire the beaul/ of its detaiU yet the spirit which pervailes 
It wilt escipe us and many passages may even lemaiti un 
intelligible 

5 So, in the study of Nituie, wo may be istoni'hfd at 
the infinite vanety of hei piooucU, »e inaj e\en stilj 
some portvon of hei wotks with enthu'ili'im, and neieithe 
less lemaiH atringeis to the spirit of the whole, igno'ant of 
the plan on which it is based and fail to luqu le a proper 
concept on of the laiied afiinities which combine Len^ 
together so as to make of them tint vast pictuie m which 
each ammil each plan, each gioip ei-^h chss, has its 
place, ind fiom which notniiig coull be tpmo ed willrul 
destioyina the proper meanmg of the w be le 

6 Besides the beinga whicli inhabit the earth at the pre's 
ent time this picture iho embraces the e'^tinct iices which 
arc no 1 known to ua bv then fossil remiins cnly And 
these aie rf the greatest importance since tbev furnwb ua 
with lie mems of a c naming the changes in I roi. 1 h a 
lions wh ch t e Anin al Kingdom has undeigc ne in the au 
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The Repljles number about ^ic same aa tha Mammnls, 1500 described 
species, and they will probably reach the number of 2000. 

The Fishes are more numerous : there are from S to GOOD species in the 
museums of Europe, itnd the numbei; may probobl}' smount to Sor 10,000. 

The number nf Molluslis already in collections probably reaches 8 of 
10,000. Thare arc eolleotioHs of marios shellB, bivalve and uoimlve, which 
amount to 5 or 6000; and CDllections of land and tuviatiLe shells, which 
count as many as 2000. The total number of moUusks would, therefore, 
probably exceed 1S,000 species. 

Among the artioulaled animals It is dilScult to estimate the number ol 
^ecies. Tbeieare collectlonE of eoleopterous insects which number SO Id 
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consitte tint \ih=revei any ono strtlum of the ea Si has 
been well e\ploii,d, ihe numbei of ipecies disco\eied has 
not fallen bplow that of the Imng spfcies which now inhthit 
nny paiiicuSai locihty of equal e\tent, and then bear in 
mind that theie 19 a gieat number of geologcdl strata, %ve 
maj anticipate the day when the asceitamed fossil species 
will fui e\ceed the h\ ing species * 

8 These numbers, iar fiom discomaging, should, on the 
contrai), encourage those who study Natuiil History 
Each new species i"., in 'wrae respects, a radiating point 
which throws adJit onal Ii^ht on all around it, so that, aa 
tlie p etuie is cnlaij,cd, it at the sime time becomes more 
nt^hgible to those who aie competent to seize its promt 

9 To give a detailed account of each and all of these 
animnlo and to slioi/ the 1 relations to each ofhei, 19 the 
tisk of the Naturj] st The n imber and extent of the vol 
umes aliPidy published upon the vaiious departments of 
Nalunl Hiatoij show, that only a mere outline of a domain 
so vast could be f lly si etched in in elementdiy work, ind 
that none but those who mal e it then speci il 'tudy can be 
expected to survey its individual parti. 

10. Every well-educated person, however, is expected to 
have a geneial acquaintance with the groat natural plip- 
noinena constantly displayed before his eyes. There is a 
general knowledge of man and the subordinate animals) 
embracing their structure, races, habits, distribution, mutual 
relations, &c., which is not only calculated to conduce ea- 

• In a Beparole work, entitled " Noaienclaica- Zodlogieua," by L. Aqas. 
siz, the principles of nomenclature are diaouesed, and a list of the naniBH 
of ganera and families proposed by authors is given. To this work those 
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ulty ot jiLrLeiving light, without tlie power i f d 1 1 sui'^fiing 
obieetfl Tlje lietn eye of the l> rd on the conliary, dis- 
cerns mmutf, objFcl? at a great distance and ivhen compared 
with the eye of a fly, la found to be not only more peifcct, 
but constructed on an entiielj dilTerent plan It is the 
same with every othei orgjn 

15 V\e understand the lacultiea of animals ind uppre 
ciate their vilue juai in proportion is we become acquainted 
with the instruments which execute them The study of 
ihe functions or uses of organs, theiefore, requnes an e\am= 
ination of their structure, thev muil never hf di=)o ned, 
and must piecede the systematic distribution of ■inimala into 
cliiases, families, geneii and specie-- 

16 In this general view of organization, we must ever 
bear in mmd the oecessity of carefully distinguishing be 
tweeii aJimUes and analogies, a fundamental principle re= 
cognized evtn by Aiislotle, the founder of scientihc Zoolog) 
A£inily 01" homology is the relation between organs or paria 
of the body which are constructed on the same plan, bow- 
ever much they vary in form, or even serve for very dif- 
ferent uses. Analogy, on the contrary, indicates the simi- 
larity of purposes or functions performed by organs of dif- 
ferent structure. 

17, Thus, there is an analogy between the wing of a bird 
and that of a butterfly, since both of Ihem serve for flight. 
But there is no affinity between them, since, as we shall 
hereafter see, they diHer totally in their anatomical relations. 
On the other hand, there is an affinity between the bird's 
wing and the hand of a monkey ; since, although they serve 
lor different purposes, the one for flight, and the other 
for climbing, Ihcy are both constructed on the same plan. 
Accordingly, the bird is more nearly allied to the monkey 
than to the butterfly, though they both have in common 
the faculty of flight. Affinilies, and not analogies, therefore, 
must g'lide us in the arrangement of aniinals. 



HnslcdhyGoOgIC 



fillNCirLES OF ZOOLOOy. 



18. Oi 

q.jinnals, 
undergo 
Olherwis 
of certai 

off, and V 



shall see 
Ihe nervo 
20. A, 
grade of 
opmetit. 
butterfly, 
therefore 



HnslcdhyGoOgIC 



be 



members of all tbe lower classes of animals, moUusks, 
crustaceans, worms, &c. ; and many of them tire even fouod 
to belong to the Vegetable Kingdom. 

23. Not less striking are She relations that exist between 
animals and the regions they inhabit. Every animal has ita 
home. Animals of the cold regions are not the same as 
those of temperate climates : and these latter, in thei'- turn, 
differ from those of tropical regions. Certainly, no one will 
rauiniaio it to be the efiect of accident that the monkeys, 
the most perfect of all brute animals, are found only in 
countries ; or that by chance merely the white bear t 
reindeer inhabit only cold regions. 

24. Nor is it by chance that most of the largest animi 
of every class, the whales, the aquatic birds, the sea-turlles, 
the crocodiles, dwell in the water rather than on the land. 
And while tbe water affords freedom of motion to the largest, 
it is also the home of the smalleal of living beings, allow- 
ing a degree of liberty to their motion, which they coul 
enjoy elsewhere. 
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FUNDAMENTAL FHIKCIPLES OF ZOOLOGY. 



be gndh ypdh 

h m n h a 

mechanical actions and leactions, and thus becomes a niute 
rialist. 

28. On the contrary, be who considers only the manifes- 
tations of intelligence and of creative will, without taking 
iiito account the means by which they are executed, and thf 
physical laws by virtue of which all beings preserve their 
charactefistics, will be very likely to confound the Creator 
with the creature. 

29. It is only as it contemplates, at the same time, matter 
and mind, that Natural History rises to its true character 
and dignity, and leads to ilt. worthiest end, by indicating to 
us, in Creation, the executLon of i pHn fully matured in the 
beginning, and undeviatinglj pursutd tie work of a God 
infinitely wise, regjlating Natuie at, oiding to imrn:. table 
laii-5. which He has himself imposed on hor. 
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CHAPTER SECOND. 
GENERAL PROFEETIBS 01' ORGANIZED BODIES 



30. Natural Histout, in its broadest sense, embraces 
the study of all the bodies which compose the crust of the 
earth, "or which are dispersed over its surface. 

31. These bodies may be divided into two great groups ; 
inorganic bodies, (minerals and roclts,) and living or organ- 
ized bodies, (vegetables and animals.) These two groups 
have nothing in commonj save the universal properties of 
matter, such as weight, extension, &c. They differ at the 
same time as to their form, their structure, their chemicul 
composition, and their mode of existence. 

32. The distinctive characteristic of inorganic bodies is 
■est ; the distinctive trait of organized bodies is independent 

motion, life. The rock or the crystal, once formed, nevci 
changes from internal causes ; ita constituent parts or mole- 
cules invariably preserve the position which they have once 
taken in respect to each other. Organized bodies, on the 
contrary, are continually in acJ'on. The sap circulates in 
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(he tree, tlie blood flows through the animal, and in both 
there is, besides, the incessant movement of growth, decom 
position, and lenovalion 

33 Then mode of formation is also entirely diffcrenl- 
Unoigani^ed bodies are either simple or made up of elo- 
iiients unlilfe themselves; and when a mineral is en- 
laiged. It IS simply by the outward addition of particles 
constituted like tself Organized bodies are not formed 
En Ihia manner They always, and necessarily, are derived 
fiom bemgs similar to themselves ; and once formed, they 
alvfays inciease inter^tilially, by the successive ass i nutation 
of new particles, derived from various sources. 

34 tinallj , oiganized bodies are limited in their duration. 
Animals and plants aie constantly losing some of their parts 
by decompo^iiioiic dming hfe, which at length cease to be 
supplied, and they die, after having lived for a longer or 
shortei peiiod Inoigamc bodies, on the contrary, contain 
withm themselves no printipie of destruction ; and unless 
subjected to some toieign influence, a crj stal or a rock woula 
ne\ er change The limestone and gr inite of our moiinlainB 
remain ju^t as thev weie foimed m incient geological 
epcebs, while numbeilesi geaeiatons of plants and ani- 
mals have med and peiiihed upon then surface. 



SECTION n. 

ELKSIEriTARY STRUCTti'RE OP ORGANIZED I 



35. The exercise of the functions of life, which is the 
essential character isiic of organized bodies, (32,) requires a 
degree of flexibdity of the organs. This is secured by 
means of a certain quantity of waiei'v fiuid, which penn 
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tratea all parts of ihe body, and forms one of its princ.pal 
const! men Is. 

36. Ail living bodies, without exception, are mado up ol 
tissttes so constructed as to be permeable to liquids. Thern 
la no part of the body, no organ, however bard and compact 
it may appear, which has not this peculiar structure. It ex- 
ists in the bones of animals, as well as in their flesh and fat ; 
m the wood, however solid, as well as in the bark and floweia 
af plants. It is to this general structure that the tern w- 
ganisM is now applied. Hence the collective name of 
organized beings,* which includes both the animal and the 
vegetable kingdoms. 

37. The vegetable tissues and most of the oiganic struc- 
tures, when esamined by the microscc 
in their early slates of growth, are found 
to be composed of hollow vsjsicles or cells. 
The natural form of the cells is that of a 
sphere or of an eIhpsoid,as may be easily i 
seen in many plants; for example, in 
tissue of the house-leek, (Fig. 1.) The 
intervals which sometinnes separate them 
from each other are called intercellular passages or spaces 
{m.) When the cellules are very numerous, and crowd 
each other, their outlines become angular, and the intercel- 
lular spaces disappear, as seen in figure 9, which represents 



• Formerly, animals and plants were said to be orgamxcd, because tliey 
am furnished with definite parts, called tifgam, which Execute pardciilat 
funcliuns. Thus, iiniinais navu a Btomachj a henvt, lungs, &r, • plants 
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the pith of the elde 
have the form of a 
whence they have 
name of cellules. 

3S. All the organic tissues, whether 
animal or vegPtaNe originile from 
celiii The cell is to thp Ltgin I t 

ucJ tody what the piirmi> fnm f the cus; 
seL.otidar\ n minerals As a general fact it m, 

^ J thit -in mal cells aie Bmaller ll ai 
rO &, cells but thei ahl e contam a centnl dot oi 

\2J ^0 vesicle called nucleus Hence sich cells aie 
called nucleated cells, {Fig 3a) Some! mes 
the nufleus itself conta ns a hIiU smaller 
dot, called nucleolus (b ) 

39 The eJementiry =!tructtire of legelablet. may be ob 
feerved in everj piU of a plant, and tli ceilulai chara<,tei 
has been long known But with the animal tissupf iheie is 
fir greater difficult} Then varntions ate so great and 
their tiansfoimations so dneise tl at aftei the embivomc 
pel od It IS sometimes impossible even by thf closest exam 
mation, to delect then oiiginal celluiai alnictuie 

"•O '^eveial Xinds of tissues haie been designated m the 
animal stiuctuie but their diflerences are not always well 
marked, and the^ pass into e'lch other hj insens ble shittcs 
Their modifications aie st 11 the subiect of invest gilirn ^nd 
we refer only to the most impoitant distinctions 

41 The aieolar tts ae cJn= sts of a network of delicole 
fibies, intncately interwoven so as to leaie numbeikss 
communicaung laterst ces, filled with fluid It js in((r 
posed in layeis of latious thicl ness, between i\\ p its of 
the bod^ and trequently icconipimed b^ clu-teis of fa! 
(.ella The fi"- oub and ihe seiois membrane's are meie 
mo fifica 10J13 of this tissue 

42 rUe Jtrtilagtncus Hsivr lo inj i_->i. 1 t 1 <"lf 
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cells, the intercellular spaces being filled with t 
pact substance, called the hyaline matter. Figuie 
seats 0. slip of cartilage from the horse, uodei 
a magnifying power of one hundred and twen 
ty diameters, 

43. The osseous or bony tissue differs from 
the cartilaginous tissue, in having its meshes 
filled with salts of lime, instead of hyaline sub 
stance, whence its compact and solid appeal- 
ance. It contains, besides, minute, rounded, 
or star-like points, improperly called booe- 
corpuscles, which are found to be cavities or 
can ais, sometimes radiated and branched, as 
is seen in figure 5, representing a section of a 
bone of ahorse, magnified four hundred times. ■'^'^' ''' 

44. The muscular tissue, which forms the flesh of nni- 
mals, is composed of bundles of parallel fibres, which pos- 
sess the peculiar property of contracting or shortening them- 
Relves, under the influence of the nerves. In the muscles 
under (he control of the will, the fibres are commonly 
CTOssed by very fine lines ov wrinkles ; but not so in the 
involuntary muscles. Every one is suflicienlly familiar with 
this tissue, in the form of Sean meat. 

45. The nervous tissue is of different kinds. In the 

nerves proper, it is composed of 
very delicate fibres, which return 
back at their extremities, and 
form loops, as shown in figure G, 
representing nervous threads as 
they terminate in the skin of a 
frog. The same fibrous structui-e 
is found in the white portion of the brain. Bu! 
the gray substance of the brain is compiled of 
ite granulations, intcrsporeed with clusters of (nrp;er 
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46 1 he 11^!= les abo\ e enumerated Jiffer from each othti 
more widely, m pioportion as they lie e\amm=d in animals 
of a highei rani As w e descend in ihe sc lie of beine; 
the diffeiences become gradmUy effaced The soft body 
ol a sniil IS mucVi moie uniform m lis compo it on than 
Iht, body of a bid 01 a quilmped Indeed miitit des 
of animuls arp known to he made up of ncthing but celh 
m contdct with each othei Such is the case with the 
p<.]\ps, vet they coiitiaci, secrete absoib jud lepio 
duce, and mtst of the Inlusona move fieely, by means of 
htile fringes on their surface, ausmg from a pecuhar kind 
of cells 

47 A no leS"? remarl able uii foimih of stnicture is to be 
observed in the highei animals in the eiilier ppiiods of 
tl eir existence befoie the body haa^imed at its defin te 

lorm The head of the adult soir on foi msfance con 

tins n t fnlj all the tissues we ha\e mentioned namely, 
bone ca5tihf,e mii-sclp ncivp brain, 
and membniies but also bloodves 
'.cK, glaiid'i, pigments, &<; Let 
us howeiei, e\aiii ne t during the 
enibuomo sidte Ik s let m 
1 g 8 lhee(,g and we fi d that the hole 

h(-ad is made up of cells which liffei merelj tier 1 n en 
bions ; those at the top of the head being verj sn all tho e sur- 
rounding the eye a little larger, and those benea h be ng still 
larger, (Fig. 8.) It is only at a later perio 1 after « 11 fu her 
deveiopmenl, that these cellules become transtormed, some 
of them info bone, othei's into blood, others into flesh, &c. 

48. Again: the growth of the body, the introduction of 
various tissues, the change of form and structure, proceed in 
such a manner as to give rise to sevemi cavities, variously 
combined among themselves, and each containing, at tho 
end of these transformations, peculiar organs, or peculiar 
systems of organs. 
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ANIMALS AND I 



g 

email proportion of nitrogen is found ; while it enters largely 
into tho composition of the animal tissues. 

53, Another peculiarity of tho Animal Kingdom is, the 
presence of large, distinctly limited cavities, usually intended 
for the lodgment of certain organs ; such is the skull and 
the chest in the higher animals, the cavity of the gills in 
fisiies, and of the abdomen, or general cavity of the body 
which exists in all animals, without exception, for the pui» 
pose of digestion, or the reception of the digestive organs. 

53. The weli-defined and compact forms of the organs 
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lodgei. ill these cavities, ia a peculiarity belonging to iiniitiatK 
only. In plants, the organs designed for' special purposes 
ore never emboflied into one mass, but are distributed over 
various parts of the individual. Thu5, the leaves, which 
answer to the lungs, instead of being condensed into one 
organ, are scattered independently in countless numbers over 
the branches. Nor is there any organ corresponding to the 
brain, the heart, the liver, or the stomach. 

54. Moreover, the presence of a proper digestive cavity 
involves marked differences between the two kingdoms, iti 
respect to alimentation or the use of food. In plants, the 
fluids absorbed by the roots are carried, through the trunk 
and all the branches, to the whole plant, befoi-e they arrive 
at the leaves, where they are to be digested. In animals, 
on the contrary, the food is at once received into the diges» 
live cavity, where it is elaborated ; and it is only after it has 
been thus dissolved and prepared, that it is introduced into 
the other parts of the body. The food of animals consists 
of organized substances, while that of vegetables is derived 
from inorganic substances ; and they produce albumen, 
sugar, starch, &c., while animals consume fhem, 

55. Plants commence their development from a single 
point, the seed, and, in like manner, all animals are devel- 
oped from the egg. But the animal germ is the result of 
successive transformations of the yolk, while nothing similar 
takes place in the plant. The subsequent development of 
individuals is for the most part different in the two kingdoms. 
No limit is usually placed to the increase of plants ; trees 
put out new branches and new roots' as long as they live. 
Animals, on the contrary, generally have a limited size and 
figure ; and these once attained, the subsequent changes am 
accomplished without any increase of volume, or essential 
alteration of form ; while the appearance of most vegetable.^ 
:b repeafedlj modified, in a notable manner, bv the develop- 
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meut of new bvanclies. Some of the lowest animals, how- 
ever, the polyps for instance, increase ia a somewhat analo- 
gous maniipr, (•J 323 830 ) 

56 In the effeUs thej p ol ce pon tl e ar U [ n 
Hon, theie is an impo tant d fteience An nah o s ne 
the o-iygen, and give out carbo c ac d gas 1 cl s de 
stun me to animal 1 fe vl le [lants byresprito I h 
they m most mstan es pe fo m by eina of the lei es 
reierse the piocess, a d thu& f n sh oxyge vl ch a hs 
e=s(,ntiil to animals If a a al be co hned a <!mall 
portion of ail, or wa er co tin ng a r la soo become so 
vitiated by respnalion, as to be unfit to sustain iife ; but if 
hvin[f piant? ate enclosed with the animal at the same time, 
the an is maintaioed pure, and no difRculty is experienced. 
The practical effect of this compensation, in the economy of 
Nature, is obviou&ly most important ; vegetation restoring 
to the atmospheie what n consumed by animal respiration, 
combustion, &c , and i i<,e ve^sa 

57 But there aie two thingi which, more than all others, 
diatioguish the animal fiom the plant, namely, the power of 
moving itself oi its parts at will, and the power of perceiv- 
ing other obiecfs oi their influences ; in other words, woZwu- 
tary motion and icnsatiin 

58 All ammah aie su-^ceptihle of undergoing pleasure 
and pain Plant" have also a cejtain sensibility. They 
WLihei and fade nndei a buining sun, or when deprived of 
moi--lure , and they die when subjected to too great a de- 
giee of cold, oi to the action of poisons. But they have no 
conscionsncas of these influences, and suffer no pain ; while 
animals under similai circumstances suffer. Hencii ihey 
have been called animate beings, in opposition to pkiiits 
which are mantmate aemgs. 
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CHAPTER THIRD. 

FUNCTIONS AND ORGANS OF AOTMAL LlfK 



OF THE NEEVOITS SYSTEM AND UEJSBKAL SENSATION. 

59, Life, in animals, is manifesled by two sorts of func- 
tions, viz. : First, the peculiar functions of animcl life, or 
those of reloSion, which include the functions ol" sensation 
and voluntary motion ; those which enable us to approach, 
and perceive our fellow beings and the objects about us, and 

w' b m S d h / 
f g f hren wd se 

d prod n h d wh sa 

m d 

T h 



The 
f th 



* This diatinctian b the more Important, innsmuch tia the orgniis of 
animal life, and those of vegetative life, spring from very distinct kyers 
of the embryonic memhrsne. The first are devalopeil from the iippe. 
layer, and the second from the lower layer of tho germ of the hdidibI 
See Chapter on Emliiyologj, p. 113. 
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61. Greally as llie form, 
nme of the nervous systtiai 
vary in different animal-!, 
they may all be reduced to 
four principal types, n hicli 
correspond, moreover, to tl <• 
four great departments of thp 
Animal Kingdom. In tl e ^ 
vertebrate animals, namely 
the fishes, reptiles, Hids, a \ 
mammals, the nervous & s 
tem is composed of two pi 
cipal masses, the spinal m 
row, (Fig. 9, <-,) which rin^ 
along the back, and the 
braia, contained within the 
Bkul!.* The volume of llie 
brain is proporUonally larger 
as the animal occupies a 
more elevated rank in the 
scale of being. Man, who 
stands at the head of Crpa- 
tion,i5 in this respect also the 

most highly endowed being. , P ^ 

62. With (he brain and spinal marrow are connected the 
nerves, which are distributed, in the form of bianchmij 
threads, through every part of the body. The brnnclK'i 
which unite wilh Uie brain are twelve pail's, called the cere- 



«r*~' 



• The brain is composed of several diatinct pai la which vary Breatij, In 
their relative proportions, in different animals, as will appeal- lieieaftet 
They are — 1. The medulla oblongata; 2. Cerebelhim ; 3. Optic loboa ; 
4. Ctfiebtal hemispheres; 5. Olfactory lobes; 9. the pituitary body ; 7 
the pineal body, (See figures 9 and 31,1 Tlio spinal maiioiv !s made up 
by the union of four nervous oolumns 
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Bral nerves, and are designed cJiiefly for the orgtwiB of 
sense located ia the head. Those which join the spinal 
marrow are also in paira, one pair for each vertebra or 
joint of the back. The number of pairs varies, therefore, in 
different classes and families, according to the number of 
veriebrffi. Each nerve is double, in fact, being composed 
of two threads, which at their junction with the spinal mar- 
r')W are separate, and afterwards accompany each other 
throughout their whole course. The anterior thread trans > 
mils the commands of the will which induce motion ; the 
other receives and conveys impressions to the brain, to pro' 
doce sensatioDS. 

63. In the Articulated animals, comprising the crabs, 
barnacles, worms, spi- 
ders, insects, and oth- 
er animals formed of 
i-ings, the nervous sys- 
tem consists of a se- 
ries of small centres or swellings, called ganglions, (Fig. 10,) 
placed beneath the alimentary canal, on the floor of the gen- 
eral cavity of the body, and connected by threads ; and of a 
more considerable mass placed above the (esophagus or 
throat, connected with the lower ganglions by threads which 
form a collar around the alimentary canal. The number of 
ganglions generally corresponds to the number of rings. 

64. In the MoUusks, (Fig. 1],) the nervous system con- 
sists of a single ganglionic 
civc/e, the principal swell- 
ings of which are placed 
symmetrically above and 
below the (esophagus, and 
from whence the filaments, 

"Pig- 11' which supply the organs 

1 different directions, lake their origin. 
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bj in the EiJmiT. (F(„ 12 ) the r 
(liii, J lo a single img encircling 
iliE, inoulh ind giving off thieads 
kwtidi the ciicumfeicnce It dif 
fiis cs'^Mitiallv fiom that of the 
MoHusk'^ by being aisposed in i 
h 117 iiial position and by its stur 
LliP form 

66 The nene bianch off lad 
difiuse sen iDilih to i,\ei) 
ot the body laA tliereby c 
the highei inimals 
^cneinl pioperties of the objects which surround them e\ery 
punt of tiie bodj being made capable of dcteimining whethur 




1 1 knowledge of the 
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SECTION II. 

1. OfSighl. 

69. Sight is the sense by which light is perceivedj s.Hd 
hy moans of which the outlines, dimensions, relative posi- 
tion, color and brilliancy»of objects arR discerned. Some 
of ihese properties may be also ascertained, though in a less 
perfect manner, by the sense of touch. We may obtain an 
idea of the size and shape of an object, by handling it ; bul 
the properties that have a relation to light, such as color and 
brilliancy, and also the form and size of bodies that are be- 
yond our reach, can be recognized by sight only. 

70. The EYE is the organ of vision. The number, struc- 
ture, and position of the eyes in the body is considerably 
varied in the different classes. But whatever may he their 
position, these organs in ail the higher animals are in connec- 
tion with particular nerves, called the optic neroes, (Fig. 13, 
a.) In the vertebrates, these are the second pair of the cer- 
ebral nerves, and aiiho directly fiom the middle mass of the 
brain, (Fig, 21, S,) which, in the embrjo, is the mo=it con- 
siderable of all 

71. Throughout the whole smes of verlpbrate animals 
, ' , 1 J the ejes ^le onlj i^io in num- 

^ t' ' ' ■ ber, and oocup) bony canities 

it "■_, * * of the skulf, called the orbits. 

• ' j The organ is a globe oi hollow 

■ , _ 5 ''pi'Cie foimed by three pinci- 

"* t; pal membranes, enclosed one 

■ "''it '*''t'>ifl *he other, and filled with 

, ' transparent matter. Figure IS 
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thfougli the eye, from before backwards,, and will give an 
idea of the relative position, of these different parts. 

12. The outer coat is called the sclerotic, (5 ;) it is a 
thick, firm, while membrane, having its anterior porlioQ 
transparent. Th's transparent segment, which seems set in 
tile opaque portion, like a watch-glass in its rim, is called the 

13. The inside of the sclei-otic is lined by a thin, dark= 
colored membrane, the choroidf, (c.) It becomes detached 
from the sclerotic when it reaches the edge of tlie cornea, 
nnd forms a curtain behind It. This curtain gives to the eye 
its peculiar color, and is called the iris, (g.) The iris read* 
ily contraels and dilates, so as to enlarge or diminish an open- 
ing at its centre, the pupil, according as more or less light 
is desired. Sometimes the pupit is circular, as in man, the 
dog, the mookey ; sometimes in the form of a vertical ellipse, 
as in the cat ; or it is elongated sidewise, as in the sheep. 

74. The third membrane is the retina, (d.) It is formed 
by the optic nerve, which enters the back pari of the eye, by 
an opening through buth the sclerotic and choroid coats, and 
expands upon the interior into a whitish and most delicate 
membrane. It is upon the retina that the images of objects 
are leceived, and produce impressions, which are conveyed 
by the nerve to the brain. 

75. The fluids which occupy the cavity of the eye are of 
different densities. Behind, and directly opposite to tho pupil, 
is pinced a spheroidal body, called the crystalline lens, (e.) 
It is tolerably firm, perfectly transparent, and composed of 
layers of unequal density, the interior being ahvays more 
compact than the exterior. Its form variesin different classes 
of animals. In general, it is more convex in aquatic than in 
land animals ; whilst with the cornea it is directly the con- 
trary, being flat in the former, and convex in the latter. 

76. By means of the iris, ihc cavity, (/,) In frant of the crys- 



HnslcdhyGoOglc 



talline lens is divided into tivo compiitmenN c lied h m 
(eri'or and posterior chambers. The fluid which ii is tnesc 
chambers is a clear watery liquid calle 1 the aqueous humoi 
The portion of the globe behind the lens which is much the 
largest, ia filled by a gelatinous I quid perfectlj IiansfaronC, 
"like that of the chambers, but somfnhat more dense fia 
is called the vitreous liamor, (h.) 

77. Tlie object of this apparatus is to receiie the laya of 
light, which diverge from all points of bodies placed before 
it, and to bring them again to a point upon the retina. It ia 
a well-knowo fact, that when a ray of light passes obliquely 
from one medium to another of diflerent density, it will be 
refracted or turned out of its course more a- 'ess, according 
to the difference of this density, and the obliquity at which 
the ray strikes the surface. This may be illustrated by tlie 
following figure, (Fig, )4.) 




The ray a c, which strikes the cornea A B perpendicularly, 
continues without deviation, until it reaches the bottom o! 
the eye at c. But the rays a m and an, which strike the eye 
obliquely, change their direction, and instead of proceeding 
onward to n» ^ and n d, take the direction m i and n f A 
still further refraction, though leas considerable, is occaaioned 
by passing through the crystalline lens C D, and the vitreous 
humor, so that the two rays, nt t and nf, will at last meet in 
Hi point. This point la called t]ie focus, (c,) and in distinc 
vision is always precisely at the retina, E F. 

■JS. From this .arrange merit, the image found upon th« 
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relina wili be mveit A We miy sitis.^ ourselves sf this 
by direct obseivatioii The eje uf the white rabbit being 
destitute of the black pigment of the choroid, is quite trans- 
paient Take the eje, soon after the death of the animal, 
and airange it in ooe end of a tube, so that the cornea will 
face outwards , tlipn if we look in at the other end of 
the tube, we may see objpcfs to wl ich it is directed exactly 
ficturetl upon the i(,tim, but in a ro\ersed position. 

7<) The n!echiniL,al stmcluie of the eye may be [ler- 
feUiy imitated bv ait Indeed, the camera obscura is an 
instrument constructed on tht lei^v same plan. By it, exter. 
nal objects are pictured upon a screen, placed at the bottom 
of the instrument, behind a magnifying lens. The screen 
represents the retina ; the dark walls of the instriiment 
represent the choroid ; and the cornea, the crystalline lena 
and the vitreous humor combined, are represented by the 
magnifying lens. But there is this important difference, that 
the eye has the power of changing its form, and of adapt- 
ing itself so as to discern with equal precision very remote, 
as well as very near, objects. 

80. By means of muscles which are attached to the balls 
the eyes may lie rolled in every direction, so as to view ob- 
jects on ail sides, without moving the head. The eyes are 

Up 1 by 1 J wh h 1 ml 
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]\ d J la^J B d 1 1 d I d h 1 I 



HnslcdhyGoOgIC 



52 

ic\.alei, lum the ulvr 
eve, and it lias been 

82 Manj of the 
constiucted upon the 
animals, but with Ihii 



SPECIAL SENSES. 

ilmo'it filelm, m 
ightly co-lleJ 



the e\piesa on of hiD 
■'ilie «iu(lcw of the 



eitebrate animals ba^ e the eve 
Tie plan iis that of the veitebiate 
jssential difference, that the ophc 
neive which foiras the retina is not deiived fiom a ner- 
vous centre, analogous to the bram, but aiises from one 
of the ginghons Thus, the eye of the cuttle-fiah contains 
all the essential parts of the e^ e of the fcupeiior animah, 
and, whit is no less important, they aie only two m numbei, 
placed upon the sides of the head. 

83, The snail and kindred animals have in hi e imniiei, 
only two eyes, mounted on the tip 
of a long stalk, (the tutiade,) oi 
situated at its base, oi on a short 
pedestal by its side Then 'true 
■ss perfect than in the cuttle- 
Fig 16 fish, but still there is a crystalline lens, 

Bftd moie or leas distinct traces of the vilieous body home 
bivalve molhislis, the scollops foi example, ha\e I kewi&e 
a crjstalline lens, but instead of two eyes, the\ aie fuinisl ed 
with Dumeious eje spot?, which are airanged lie a bolder 
around the loni,i 



of the animal 




hkei 



simple ind usually 
eight in numbei Tbe«6 
little oigans, uauallv called 
ocelli, instead of being 
phced on the sides of 
the body or of the bead, 
occupy the anterior pari 
of the back All the essen. 
till piits of 1 simple eye 
body, are found in 
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hem, anrj evea the choroiil, which preseats hself in the 
form of a black ring ai'ound the ciystalline lens. Many ia 
sects, in their caterpillar stale, al?" have simple eyes. 

85. Rudiments of eyes have been observed ia very 
many of the worms. They generally appear as small 
black spots on the head ; such as are seen on ihe head 
of tho Leech, the Planaria and the Nereis. In these latter 
animals ihere are four spots. According to Muller, they 
are small bodies, rounded behind, and flattened in front, 
composed of a black, cup-shaped membrane, containing a 
small white, opaque body, which seems to be a continuation 
of the optic nerve. It cannot be doubted, therefore, that 
these are eyes ; but as they lack the optical apparatus 
which produces images, we must suppose that they csn 
only receive a general impression of light, without the power 
of discerning objects. 

86. Eye-spots, very similar 
to those of the Nereis, are 
found at the extremity of the 
rays of some of the star-fishes, ^ 
in the sea-urchins, al the mar- 
gin of minv MedusEe, and in 
some Polvpi Ehienbeig has 
shown that simitar spots also 
exist in a laige numbei of the 
Infusoria. ^'"- ^''' 

87. In all the above-mentioned animals, the eyes, what 
ever their number, are apart from each other. But there ia 
still another type of simple eyes, known as aggregate eyes. 
In some of the millipedes, the pill-bugs, for instance, the eyea 
are collected into groups, like those of spiders ; each eye 
inclosing a crystalline lens and a vitreous body, surrounded 
by a retina and choroid. Such eyes consequently form a 
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natural transition to the compound eyes of ii 



we now give our 

88. Compound eyes have the same general form as 
eimpie eyes ; they are placed either on the sides of the head, 
as in insects, or supported on pedestals, as in the crabs. 
But if we examine an eye of this kind by a magnifying leas, 
we find its surface to be composed of an infinite number of 
angular, usually six-sided faces. If these fafettes are re- 
moved, we find beneath a corresponding number of cones, (c,) 
side by side, five or six times as long as they aie hioad, 
and ai ranged like rays aiound the optic nene, from 
which each one leceivea a little filament, "^o as to 
pieftcnt, ac<uidmg to Ulullc!, the follonmg disposition 
(Fig 18 ) The Gonps are per- 
lectly tianspaient, but sepa- 
rated fiom each olhei by 
'alls of pigment, in such a 
that only those raj 9 
which aie paiallel to the 
1 reach the letina A ; 
dU those which enter ob- 
liq lely aie lost , so that of 
*''8 li* iill the rays ■«hich pioceed 

fiom the pomts a and h, only the cential ones m each 
pencil will act upon the optic neive, (li,) the otheis will 
stnke Bgain&t the walls of the cones To compensate 
foi the disad^antag*" of such an ariangempnf, and for the 
want of motion the nunbe of fa ettes is gieatly multi- 
plied, so that o le s ban 35 000 h ve been counted in 
a single eje Tie e o le e a, in this case, may 

be compared o a mos co p sed of a great number of 
small images each of 1 e ep e e ng a portion of the 
figure. Tht e tire j c e s ol course, more perfect. 
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in proportion as tlio piccos are smaller and more nu- 
morous. 

89 Compound eyes are destitute of the optical apparatus 
necessa y to conee t -ate the nvs of 1 gl t, and cannot adapt 
tl e elves o l! e li sta ce cf objects they see at a certain 
d 3 ance b t ca t lo 1 it p easu e The perfection of 
the ■; ght depen Is on tl e nu nbe of fagettes or cones, 
d d 1 e a e n h ch 1 ey are placed. Their field of 
V s on a V de h 1 e eye spro) nent; it is very limited, 
on the contrary, when the eye is flat. Thus the dragon-flies, 
on account of the great prominency of their eyes, see equally 
welt in all directions, before, behind, or laterally ; whilst 
the water-bugs, which have the eyes nearly on a level witli 
the head, can see to only a very short distance before them. 

90. If there be animals destitute of eyes, they are either 
of a very inferior rank, such as most of the polypi, or else 
they are animals which live under viniisnal circumstan- 
ces, such as the intestinal worms. Even among the ver- 
tebrates, there are some that lack the faculty of sight, aa 
the Myxdne glutinosa, whici has merely a rudimentary eye 
concealed under the akin, and destitute of a crystalline lens. 
Others, which live in darkness, have not even rudimentaiy 
eyes, as, for example, that curious fish l^Amblyopsis spelcBus,) 
which lives in the Mammoth Cave, and which appeara to 
want even the orbital cavity. The craw-fishes, {Aslaeas 
pelluddus,) of this same cavo, are also blind ; having 
merely the pedicle for the eyes, without any traces of 

S. Hearing. 

91, To hear, is to perceive sounds. The faculty of per- 
ceiving sounds is scaled in a peculiar apparatus, the Ear, 
which is constructed with a view to collect and augment the 

3 vibrations of the atmosphere, and convey them to 
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ihe ■xcousti"' or audilory nerve which arises from the poste- 

I f k b (1 g 1, c.) 

9 Tl d two in number, and are 

pi d I] 1 b t the hinder part of the head. 

1 1 g P P n f mals, as the dog, horse, rabbit, 
a d m f 1 mm I he external parts of the ear 

a ^ lly q p us ; and as they are, at the 

n q bl 1 y become one of the promi- 

n f f pi y y 

9S. These external appendages, however, do not consti 
lute the oi^an of hearinff, properly speaking. The true seat 
of hearing is deeper, quite in the interior of the head. It ia 
usually a very complicated apparatus, especially in. the supe- 
rior animals. In mammals it is composed of three paris, the 
external ear, the middle ear, and the internal ear ; and its 
Btrv.ctui-e is as follows : (Fi^- 19.) 



rn] 



Fig. 19. 

94, The external ear, which is popularly regarded as 
r, consists of the conch, {a,) and the canal which le: 
■m it the external auditory passage, {h.) The first ii 
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gristly expansion, in ihe foim of a nom oi a funnel, ihe 
object of mh ch is to collTt tlie ■naves of sound , tor this 
TPasor, an mils piicli up then cars when they listen The 
eai of man is remarkable ior bping npaily immovable. 
Thcrefoii, pcisuns, whose heaiing is delicient, employ an 
artillCial tiumpet, by which the vibiation? fiom a muoh 
more eitended SLiiface may be collected. The external 
eat 18 pecul ai to mammals, and is wanting even m some 
aquatic species of these, such as the seals and the Orni- 
ihcrhyncus 

95 The middle ear has received the name of the ti/m- 
patnc lavUy, {I ) It is separated fiom the awditory passage 
bj a rnembrinous partition, the tympanum or diuin, (t,) 
though it still commumcalei with the open iir by meina 
jf a narrow canal, called the Euslachiin tube, (i,) which 
opens at Ihe back part o! the month 
In the mterior of the chambec are 
four little bones, of singuhr foime, 
which anatomists have distinguished 
by the names of mnWeus, (Fig 20, c,) 
incus, (fl,) stapes, (s,) and os orhai- 
Zere, (o,) which are articulated to 
gether, so as to form a continuous 
chain, asherorepiesented,magnilied 

96. The tntemal ear, which is '"^ "" 

also denominated the lahyi inih, is an irregular cavity formod 
in the most solid pir[ of the tempoial bone, bLyond trie 
chamhei ol the middle eai, from which it is sepni ited by a 
bony piilition, which is peifoiated b\ two small hoi e^, called, 
from their form, the lound and the oval apertuies, the foia- 
men rolundim, (Fig 19, g,) and the forumen cnah, {k ) The 
first is closed by a membrane, similar to that of the ty npa- 
nura, while the latter is closed by the stapes, one of the little 
bono^ n the chamber. 
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97. Three parts a;e fo be distinguished in the labj-rinth, 
namely, the vestibule, which is the part at the entrance of the 
cavity ; the semicire.iilar canals, (d,) which occupy its uppei 
part, in the form of three arched tubes ; and the eochUa, 
which is a narrow canal placed beneath, at the lower part 
of the vestibule, having exactly the form of a snail-shell, (e.) 
The entire labyrinth is filled with a wateiy fluid, in which 
membi'anous sacs or pouches float. Withia these sacs, the 
auditory nerve (f) terminates. These pouches, therefore, 
are the actual seat of hearing, and the most essential parts 
of the ear. The auditory nerve is admitted to them by a 
!ong passage, the inlernal auditory canal. 

98. By this mechanism, the vibrations of the air are iirst 
collected by the external eav, whence they are conveyed 
along the auditory .passage, at the bottom of which is the 
fyrapanum. The tympanum, by its delicate elasticity, aug- 
ments the vibrations, and transmits them to the internal ear, 
partly by means of the little bones in the chamber, which are 
disposed In such fi 1 
aperture, (forar ) m e 
which strikes the ( ) 
and produces vi e 
tympanum. A s 
vibrations at las 

nerve, which tra m m 

99. But the m m ca d 
in all classes of me 
simplified as w me 
iiEid interior ears e 
mammals ; but 

lory passage, opening on a level with the surface of the head 
behind the eyes, is merely surrounded by a circle of peculi- 
arly formed feathers. The bones of the middle oar are alao 
less numerous there being [generally but one. 
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100. In iLptiles, the wh k exl^iui lii di^appea"., tho 
auditory passage is always wonting, and the tj mpanum h»- 
comes external In some toads, even the middle eai also la 
completely wanting Tlie fluid of the vestibule is charged 
Willi salts of lime, which fiequenlly gue it a milky appeal- 
ance, and which, when e\amined bj the microscope, are 
found to bo composed of an inlimte number of cry&tals. 

101. In fishps, the middle and exteiaal eai aie both 
wanting; and the oigan ot heaung is reduced to a nem 
branouB vestibule, situited in the cavitj of the sLiill, and 
surmouoted by semicirculai canals, from one to thiee in 
numuer. The hqmd of the vestibule contains chilky con- 
cretions of iriegulir foims, which are called Otolites, the 
use of which is doubtless to rendei the vibration of sounds 



more S' 

102. In ciabs, the oigan of heaimg is found on the lower 
face of the head, at the ba-se of the large antenni? It i^ a 
bony chombei closed by a membrane, in the intPiioi of 
which is su'jpended a membiancus sac filled with walPi On 
this sac, the auditoij nerve is e\panded In the cnttlefisb, 
the vestibule is a simple excavation of the caitilage of the 
liead, containing a little membranous sac, in which the audi 
tory nerve terminates 

103. Finally, some insects, the grasshopper for instance, 
have an auditory appaiatus, no longer situated in the head, 
as with other animals, but in the lego , and fiom this fact, up 
may be allowed to suppose, that if no organ ot hearing liaa 
yet been found in most insects, it is because it has been 
sought for in the head only 

104. It appears from these etamples, that the pail of the 
organ of heaimg which is unifoimly present in all animals 
furnished with eaia, is piecisely that in which the auditors 
nerve ends This thi,tefoie, is the essential pait of the oi> 
gan. The otiiei paits of the apparatus, the tympanum, 
auditDry passage, aid eten the semioiicular canals, havp foi 
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their object merely to aid the perception of sound with more 
prccisioa and accuracy. Hence we may conclude that the 
sense of hearing is dull in animals where tlie oi'gan is re- 
duced to its most simple form ; and that animals which have 
merely a simple membranous sac, without tympanum and 
auditory passage, as the fishes, or witliout semicircular 
canals, as the crabs, perceive sounds in but a very imper- 
fect manner. 

3. Of Smell 
105. Smell is the faculty of per 




mmm 


^:m 


ti ;/ 

) h h 


w 

f 1.. 21. 

*, optic nerve ; ,; 


ti f 

e! 1 
■vl h 
.audi- , 


tp i 
h 



106. The organ of smell is the Nose Th 1th 
series of vertebrates, it makes a part f h f d i 
man, by reason of its prominent form, it b f 
dominant trails of his countenance ; in oth ! ll 
nose loses this prominency by degrees, d th I I 
longer open downwards, but forwards. I b 1 1 P 

of the nostrils is a little ditTereat ; they p f h b I 
and higher, at the origin of the beak, (f.) 

107. The nostrils are usually two in nu b '^ m fi 1 
have four. They arc similar openings, s p My | 
iiiion upon the middle line of the body. I d h 
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fnammals, t!ie ouler walls of ihc nose are composei! of cai'li- 
Ittge ; but inleriially, the nostrila comrnunicate with bony cav- 
ities situated in the bones of the face and forehead. These 
cavifies ire lined bj a th ck membrane, the jixtuUaiy mem 
b me, on whicli ave expnnded the nenei=of smell namplj 
Ihe olfactory nerves, and some hlaments of the n&rve which 
goes to the face 

108 The pioce'JS of "imellmg is vi follows Odors are 
I ^rtlcles of extre ne delicdcy which escape fi om verj many 
bodies, and are diflused thiough the air These paitieles 
excite the neives of smell, which transmit fhe impiesaiotis 
made on them to the bia n To fac 1 tale the perception of 
odors, the nostrils are placed in the course of the respnatory 
pasanges, so thai all the odois whith aie diflused in the a r 
in&pned, pass o\er the pitmtaiv membrinp 

109 The acuteoess of the sense of smell depenJs on the 
evtent fo which the membiane is de\eloped Blan is not so 
well endowed in this respect as many animals, nh ch have 
the mtenitil surface ol the nostiils e\tieinelj complicated, as 
It IS espec allj among the beasts of prey 

110 The sense of smell in Repldes is less dehcite than 
m the mammals, the pituitary membrane, alao, is less de 
\eloped Fishes are piobably still less favoied in tnia 
lesiect As they perceive odors tluough the medium of 
watei we should anticipate that the siiuctuie of the r 
apparptiis would be d iferent fiom that of inimals which 
breathe in the air Their nosti ils ai e meie superficial pouch 
es, hned with a membnne gathered into folds, which ^en 
erally rad ate horn a centie but aie sometimes airan^cd 
in paialle! ndges on each s dp of a ctntial band As Jie 
peif ction of sme 1 depends on the amount of suit ice 
exposed, It follows that thrse fishes which have these 
fj'd-i nijst miltiplied ate also those in which tiis sense is 
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HI, No special apparatus for smell has yet been found in 
Invertebrates. Aud yet there can be no do\tbt that insects, 
crabs, and some moliusks perceive odois, since they are 
attracted from a long distance by the odor of objects. Somo 
of these animals maj' be deceived by odors si-nitar lo those 
of iheir prey ; which clearly shows that they are led lo it by 
this sense. The carrion fly will deposit its eggs on plar ts 
which have the smell of tainted flesh. 

4 Of T i 



nerves from several trunks; and taste is perfect in proportion 
as the nerves which go to the tongue are more minutely dis. 
iributed. The extremities of the nerves generally terminate 
in little asperities of the surface, called papillm. Sometimes 
those papillte are very harsh, as in the cat aad llie ox ; and 
again they are very delicate, as in the human tongue, in thai 
of the dog, horse, &c. 

114, Birds have the tongue cartilaginous, somenmes be" 
5et with htllc stiff points; sometimes fibrous or fringed 
at flie edges. In the panois, it is thick and fleshy 
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OT it 1? even barbed at its point, as in the wocdpockcrs 
fn lome ipptiles, the crocodile foi example, tin, tongue 
IS adherent, in othpis, on the contiary, it i-f capable of 
extensile motion, and senes as an oigan of touuh, as in the 
Beipciitg, or it may be thrust out to a great length to take 
prey, [iKe that of the chameleon, toad, and fiog In fishes, 
It IS usually cartilaginous, as in birds, generally adheient, and 
Its Buiface 18 frequentlj cohered with teeth 

115 It IS to be presumed, that m ammals which have a 
cartilaginous tongue, the taste must be veiy obtuse, especial 
ly in those which, like most fishes, and many granivoious 
birds, swallow their prey without mastication In fishe-. 
esppcially, the taste is very impeifect, aa is pioved bv tlii" t 
readilj swallowmg aitificial bait It is probable that Ilicy 
lie guided in the choice ot then piey bj sight, rathei 
than bj taste oi smell 

H6 Some ot the mtenoi animals select thpu food with 
no little disceinmenl Thus, flies wdl select the sugary 
poitions of bodie,& Some of thp mollusifcs, as the fmila 
foi example, aie paiticuliily dumfj m the choice of theic 
food [n general, the taste is but impeifectly developed, 
except in the mammals, and they aio the onlj animals 
which enjoy the fiaxoi of then food With man, thii 
sense, like othcis, may be gieatly impioied by everciiio , 
and It IS even capabl ol being bioUj,bt to a hij,li decree 
oi delicacy 

5 0/ Touch 

117 The sense of toilH is meielj a ppciiliai manifesta. 
lion of the geneial sensibility, seated m the akin, and 
d(,pend(,nt upin ihe neives of sensation, wh eh expand over 
the "urface of the body By the aid of this geneitil mi si 
biliiy, «p learn wbethpi a body is hot oi cold, wet or drv 
VVe may also, by simple contact, gain an idea, to a corlaiii 
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extent, of the form and consistence of a body, as, for exam- 
ple, whether it be sharp or blunt, soft or hai-d, 

118. This faculty i-esides more especially in the hand, 
^ h ch s ot o ly e do ed V tl a 7)0 del ate tact, but, 
o V g to he 1 us on of the fi gpra an 1 tl e opposition of 
tie th 1 to tie ole h ge-s t ci[al e of so moulding 
Itself a o nd objec s as to n 1 ply the po f n 

Hence tou h & an it ute of nia rathe h n o e 
an lals fo anong tlese latte s ircely an p 

monkeys, have the faculty of touch in the -md o as 
is techmcaily termed, r>{ palpation 

119 In some animals, this faculty is e e ed by o her 
orgaus Thuo the trunk of the eleplnnt s mos pe feet 
organ of touch , and probibly the mastodon o e nume 
oua reiics are found scatteied in the sup ti a aj e -s of 
the eaith's crust, was fumished with a ^iimilar organ. 
Serpents make use of then tongue foi touch ; insects 
employ then palpi, and snails then tentacles, for the same 

6. The Yoke. 

120. Animals have fict only the power of perceiving, 
but many of them have also the faculty of producing 
sounds of every vaiiety, from the roaring of the lion to the 
song of the bird as it salutes the rising sun. It is moreover 
lo be remarked that those which are endowed with a voice, 
likewise have the organ of hearing well developed. 

121 Animals employ tbeii loice either for communica- 
tion wiib each other, oi to expiess then sensations, their en- 
joyments, their sufferings Nevei theless, this faculty is en 
3o^ed by but a small mmotitj of animals; with but very 
few exceptions, only the mammals, the birds, and a tew 
leptiles aie endowed with it All others are dumb. 
Woims ard insects have no true voice; for we must not 
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fmslalie for it ihe buzzing of fhe boc, wli'ich is merely a 
noise oreateJ by the vibration of the wings ;. nor the grating 
Bhnek of the Locust, (grasshopper,) caused by the fiiction of 
his Icgsagimst his wings ; nor the shrill noises of the cricket, 
or the lell-lale call of the katydid, produced by the friclion 
of the wing covers upon each other,and in numerous similai 
cnses which might be cited, 

123 Consequently, were the mammals, fhe birds, and the 
frogo to be ^fnick out of existence, the whole Animal King- 
dom would be dumb. It is difficult for us, living in the midst 
of the thousand various sounds which strike our ear from all 
Bides, to conceive of such a state. Yet such a state did 
doubtle'^'^ pievail for thousands of a 
globe, whi-n the watery world alo: 
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folds of elastic substance, known by the 
of the vocal cords, (m.) Two other analogous folds, the 
superior ligaments of the glottis, (n,) are situated a little 
above the preceding. The glottis (o) is the space belweei" 
these four'folds. The arrangement of the vocal cords, ana 
of the interior of the glottis in man,' is indicated by dotted 
lines, in Fig, 22. 

124, The mechanism of the voice is as follows ; the air, 
O"" its way to the lungs, passes the vocal cords. So long as 
Ihese are in repose, no sound is pi'oduced ; but the mome H 
they are made tense they nnrrow the aperture, and oppose 
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an obstacle to the current of air, and it cdnnol pass uiihoul 
causing them to vibrate. Tliese vibrations produce tlie 
voice; and as the vocal cords are susceptible of different 
degrees of tension, these tensions determine different souuds ; 
giving an acute tone when the tension is great, but a grave 
and dull one when the tension is feeble. 

125. Some mammals have, in addition, large cavities 
which communicate with the glottis, and into which the air 
reverberates, as it passes the larynx.. This arrangement is 
especially remarkable in the howling monkeys, which are dis- 
tinguished above all other animals for their deafening howls. 

126. In birds, the proper larynx is very simple, destitute 
of vocal cords, and incapable of producing sounds ; but at 
the lower end of the windpipe there is a second or inferior 

ilfcated in structure. It is a kind 
of bony drum, (it,) having with- 
in it two glottides, formed at the 
top of the two branches (lb) of 
the windpipe, (c,) each provided 
with two vocal cords. The dif- 
ferent pieces of this apparatus 
are moved by peculiar muscles, 
the number of which varies in 
different families. In birds which 
have .a very monotonous cry, 
such as the gulls, the herons, 
the cuckoos, and the mergansers 
(Fig ''3 ) e s b o e or two pairs ; parrots have three 
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127. Man alone, of all the animal creation, has the power 
of giving to the tones he utters a variety of definite or ar- 
ticulate sounds; in other words, he alone has th@ gift o/ 
speech. 



HnslcdhyGoOgIC 



CHAPTER FOURTH, 

OF INTELLIGENCE AND INSTINCT. 

128 BcsiDEo the mileiial sub''fance of wh ch the body 19 
coribti ct(,d theie s also an immatei al pimc pie which, 
thjugh n eludes detectLon is none the le&s leal ind ti 
winch no ire con=tiiitl^ obhged to lecui in consdenng the 
phenomena uf hfe It oi g mtes with the boH and is de 
veluped with it nhiie jet it is totally apnrt fiOTi it The 
s iid^ of this msciutible pimciple belongs to one of the 

I ighest branches of Philosophy , and we shall herp meiply 
allude to some of its phenomena which elucidate the devel 
opmenl and rank of an mals 

la** The CO islancy of species is a phenomenon depend 
ng on the iinmateiia! natuie Aoimals anJ plants also, 
pioduoe then kind, general on after geiteration We sh 11 
hfieifter show that ill an mils may he trared back in thp 
embijo to a meie |ont in t!p -voll of the egg b^ar ng 
nj Ki'&embHnce whituiei to the t ituie in mal , ani no in 
&[-ecIion wo ild enible us to declaie with certjinty what that 
aimal is to be But even heie in tmmatenal piinciple 

II present, w h ch no external influence can essentully modify, 
and determines the grawth of the future, being. The egg of 
the hen, for instance, cannot be made to produce any other 
animal than a chicken, and the egg of the codfish produces 
only the cod. It may therefore be said with truth, that iho 
chicken and the cod existed in the egg before their formation 

i;!0. PuRCEPTioN is 3 fuctilly springing from this princi- 
pb;. The organs of sense are the instruments for receiving 
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181 In addition to the faculty of perceiving sensations, 
the li gher animals have also the faculty of recalling past 
impieasions, oi the power of memory. Many animals retaiD 
a recollection of the pleasure or pain they have experi- 
enced, and seek oi avoid the objects which may have pro- 
d iced these sensations , and, in doing so, ihey give proof 
of judgment 

132 This fact proves that animals have the faculty of 
comp'»i ng then sensitions and of deriving conclusions from 
them , in other woids, that they cany on a process of 
reasoning 

133 These d lleiont faculties, talien together, constitute 
mlelhgeice In man this superior piiiiciple, which is an 
emanat on of the d \ ne nature, manifests ilaelf in all it^ 
splendoi God bieithed into him the breath of hfe, and 
maD btcamc, a hviiii^ 'loul " It is iTiQn'<" prerogatiie, and hia 
alone, to icgilile his conduct by the deductions ot leaaon. 
he has the faculty of e\eicising his judgment not only 
upon the objects uhich sirround him, and of apprehending 
the many rehlions wh ch e\Ht beUveen himself and the ex- 
ternal Horld, he may also apply his leason to iinmaleiial 
things observe the opeiations of his own intellect, and, by 
the anaUsis of h s faculties, may airne at the conscious- 
ness of his own nil lie, and even conceive of that InfimlQ 
&[ 1 t, ' whom njne ' \ seurciiing can find out." 
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137. The insli f b 



of mteUiTpnce by the lelativo 

bid »s 

N nil d J 1 1 

h d 1 I 

Ad wh dp ma 

be p I ge e 

f h p m f ? 

1 p 1 

k A I 

) h h 
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the procuring of food, or to ihe rearing of tlieir young ; in 
othei- words, they have for tlieir end the preservation of the 
mdividual and of the species. It is by instinct that the 
leopard conceals himself and awaits the approach of his 
prey. It is equally by instinct that the spider spreads his 
web to entangle the flies which approach it, 

138, Some animals go beyond these immediate precau- 
lioQs ; their instinct leads them to make provision .for the 
future. Thus the squirrel lays in his store of nuts and 
acorns during autumn, and deposits them in cavities of 
trees, which he readily finds agaia in winter. The hamster 
digs, by the side of his burrow, compartments for magazines, 
which lie arranges with much art. Finally, the bee, more 
than any other animal, labors in view of the future ; and 
she has become the emblem of order and domestic economy. 

139 Instmct exhibits itself, m a no less sfiikmg manner, 
m the an\iely which animals manifest foi the welfare of 
then anticipated piogenj All birds build nest^ for the 
sheltei and nuituie of their jotrng, find in some cases these 
nests aie made exceedingly comfoitable OtliPrs show very 
great mgenuity in concealing then nests fiom the eyes of 
their enemies, oi in placing them beiond their reach 
There IS a smalt bnd m the East Indies, the tailor bird 
(Sjlvia sutoria,) which woiks wool oi cotton into threads 
with lis feet and beak, and uses it to sew together the leaves 
of trees foi its ne=t 

140, The nest of the fleiy hang-bird, (Icterus Baltimore,) 
dangling from the extremity Of some slender, inaccessible 
twig, is familiar to all. The beautiful nest of the humming- 
bird, seated on a mossy bough, and itself coated with lichen 
and lined with the softest down from the cotton-grass or the 
mullein leaf, is calculated equally for comfort and for es- 
caping observation. An East Indian bird, {Ploceas PhilippU 
jius,) int only exhibits wonderful devices in the construction, 
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security, and comfort of its nest, but tlisplaya a still fiiiiliei 

advance towards intelligence. The nest is built at tlie tips 

of long pendulous twigs, usually hanging over the water. It 

IS composea of gra%, in such a 

plete tbaich The entnoce 

IS ihiough a long tube, tun 

lung downwards fiom the 

edi^ uf the ne't, nnd Us 

loiver end IS so loo&elj wo\en, 

that any aeipent or squiirel, 

attempting to entei the aper 

luie, would detnch the fabiea, 

and fall to the giound The 

mile, howevei, nho has no 

occasioo for such prrlei^tton, 

bidds his thatched domt, sim 

ihi to that of ui-e female, ind r.g 24 

by Its side , but makes simph a perch across the l>a-te of 

the dome, without the ne-jt pouch oi tube 

1-il Bjt It IS among insects that this instmctive sohci 
tude for the well tie of the progeny is every wheie exhibited 
in the most stiikm^ manner Bees and wasps not oa!y 
prepare cells foi each of their eggs, but take cire bcfoia 
tlos ng the cells, to deposit m each of them <"omething ap 
propi ate foi the nouiishment of the future young 

1 12 It s by the dictate of mstiTici, also, that ^ ast numbers 
of animals of the same sppciLS asaociate, at certam periods 
of the yeai,foi migration fjnm one legion to anothei as 
Ihe swallows and pa'^senger pigeons, w 'iich are sompliinea 
met with in countlecs flocks 

14i! Othei animals lue natuially in laige societies, and 
laboi in common This la the case with ihe ants and bee& 
Among th^ Uttci p\en the k nl of I boi iVi pai.h membei 
tf tlio I, mmim \ s lefeimiipl beJ i^li ui i h^ instmcL 
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Some of them collect only honey and wax ; wliile others 
are charged with the care and education of the young; and 
still others are the natural chiefs of thp colony 

144 Fay e -e are ce a a n s so g ed y ir 

abo Th L or J e no tXe e o b to 

bv e ey e p y f o e op & me 

ants make war upon others less poweilul, take their vouna 

45 T 



b d h A 

n m m h d d 

lebrates, since they ha\e onlj p,an^hons, without a pioper 

brain. There is even a certain antagonism between instinct 

and intelligence, so that instinct loses its force and peculiar 

character, whenever intelligence becomes developed. 

147, losfinct plays but a secondary pari in man. He is 
not, however, entirely devoid of it. Some of his rtctions are 
entirely prompted by instinct, os, fnr instance, the attempts of 
the infant to nni'se. The fact, eigain, that these instinctive 
actions mostly belong to infancy, when intelligence is but 
slightly developed, goes to confirm the Ivvo last p"opositions. 
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149 The movements of animals aie effecled bv means of 
mast-Ies, which are oigan? designed expressly fo) this pur- 
pose, and nhiiii maKe up that portion of the bod) which 
la commonly called /e'/i Thej are composed of threads, 
wliLcii aie readily seen in boiled meat These thieads 
are again composed of still more delicate fibies, called jnus- 
cularjibrfs, (45,) which have the piopeitj of elongating 
and contncting 

150 The motions of animals and plaats depend, therefore, 
upon cunws esf,entiallj dificient The expansion and doling 
of the ka\es an^ blu-.som'! of plants, whiuh nc then nio~>t 
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obvious motions, are due to the itiflLience .f figl. , i 
moisture, cold, and similar external agema ; but all ihc 
lions peculiar to animals are produced by a cause resi 
within themselves, namely, the eontraciUity of niusi 

151 The cause \hch e^ 
nerves although its natun 



2lar 







coiitractility resides in ih® 
not piecisely understood. 
"We only know that each 
muacuKi bundle receives 

fi m ts pass at intervals 

OSS muscular fibres. 

Fig. 25. It haa 

b 9hown,byexperi- 

hat when a nerve 

n a muscle is sev- 

p er of contracling 

be will. The con- 

ndenton the will, 

d ocomotior. OtSierH 

of the bears 

■ ly act inde- 



are quite indeppodetit of it Iilie the 
and stomacl The muscles of esp 
pendentlj of the v I b a e par Uy 9 bject o 1 : thus, 
when we a te pt lo hoi ! the brea h ve est fo the mo- 
ment, tbp' ac of the d aph agn 

153. I tl e gre t a]o tj of an lals not on a grcaliy 
aided by the p ese ce of sol d parts of a bony or horiiy 
structure wh ch e her serve as fir i a tach ne its to the 
muscles, o be ng r a ge 1 so as to ict is levers, to in- 

The solid e 1 y so a r n„pd Iv, .. -o. sub. 
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Sliintial framework for the body, which has lieeii varioi sly 
deaignaled in the several classes of animals, as the test, shell 
carapace, skeleton, ^c. The study of these paits is one of the 
«jost important branches of comporatue aaatomj Their 
characters are the most constant &nd enduring of all olhers. 
tiideed, these solid parts are neiily -sU that remains of 
tne numerous estiuct racea of inim'tls of past geolo^Lcal 
eras ; and from tliese alone are we to dete mme thp struc- 
ture and character of the ancient fauna. 

154. Most of the Eidiata have a cilcireous teat or crostj 
shell. In the Polvpi this stiucture when it exists la uauilly 
very solid, sometimes a suming tlie foim of a simple intei 
na[ akeleton, ot forming extensively braiyhed stems, as 
in the eea-fans or giving use to solid masses fuimsbed 
witb ouraerous ca/iii^s openn ^ at the surface fiom which 
the movable parts of the animals are pioiruded with the 
power, however, of reliaetmg themseUea at pleusure as in 
ihe corals. In the Echmodeims the test »a mtimately con 
nected with the etructuie of the soft 
parts. It is composed of numer -r^ ^^. 
ous little plates, wmetunes con 
Bolidated and immo\ible as ii 
the sea-urchins, (Fi^ ib ) an 1 

alkw of various molioni as in 

the star-fishes, {Fig 17 ) which use their projecti ig rays 

both for crawling anJ sw imming. 

155. In the Mollusks, the solid parts are secreted by t!ie 
ekin, most frequently in the form of a calcareous shell of 
one, two, or many pieces, serving for the protection of the 
soft parts which they cover. These shells are genei.illy so 
constructed as to afford complete protection to the animal 
within their cavities. In a few, the shell is too small for thin 
yui'p'jac ; aad in some il esisls only at a very early pi.'riod. 
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15S A vinetj oi appenJages are attached to those 
r nyi, such flti jointed legs, oi la place of thiim stiff bristles 
iirs fnngpd with silken iliread^i, wings either firm or mem 
branous, antennffi, mcvahle pie(.es which perform the office 
^f jiws, 6m But howpit-i djversified this solid npparatus 
sm^ be. It IS univeisallj the case that the rings, to which 
eiery segment of the bodv mavbe referred as to a type, com» 
bine to form but a smgle internal cavity, in which all the or- 
giins are enclosed, the nervous system, as vyell as the organs 
of vegetative life, (63.) 

159. The muscles which mo^e 
all these parts have this peculiar 
ity, that they are all enclr-,ed with 
in the more solid framewoil and 
not external to it, as in the verte 
Jjriites ; and also that the muaeulai 
bundles, which are very consider 
able in numbei', have ihe form ot 
ribbons, or fleshy strips, with pnr 
nllu! fibres of reinarkablp white 
nese. Figure 27 repveaents the ^ ' 

disposition of the muscles of the <"\terpilhr which destroys 
the willow, (CossKs Ugnijierda) The ri^ht ide repiespnts 
the superficial layer of mus les and the left 'ide the deep 
Eoaled layer, 

IGO, The Vertebrata like the articulated animals have 
solid parts at the surface as the hairs and hoins ot mam- 
mais, the coat of mail of the ii middle the feathera ind rlawa 
of birds, the bucklers and icales of leptiles and hahes &c 
ISirt they have besides this along the intei 
body, a solid framework not found vn the in 
known as the Skeleton 

161. The skeleton is composed of a seiies of separate 
bones culled \ertebrie, united to each other by ligammLi. 




1 of the whole 
sitebrufes well 
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ntli four bi inches t«o of 
vthch i^Lend inJ form nn aicli above, 
anil two descend foiming on aioh below 
the bodj of the leitehn The upper 
aiches iorm a contio luus c^vitv {a) ^loag 
the regicn of the trunk, which encloses 
ihe spinal mariow, and in the head re- 
ce \es the bnin (61 } The lower aiehes 
(6) form another cavitv sim lai to the 
superioi one which contain^ the organs of 
nutrition and repioduclioa , then bmnch 
es genenllj meet below -in 1 uhen dig 
joined thp deficiency is supplied b\ 
flesh\ walls Ever; pait of the slieletia 
^'8 "8 j^ji^ ^g reduced to this fundamental typt 

tlie vertebia, as will be shown, when treating &pecialU of the 
veitehiate animals so that between the pieces composing 
ihe head the tiunlt, oi the tad ne ba\e onlj differences 
in the dei^iee cf development jf the bodj of the vei 
tebra oi ol it= biinches, and not in realitj diffeienl plins 

162 The muscles which moie this sold ft imewoil of 
the vertebrata are disposed around the leitelir-e, ia la 




-^'V. ^-> 



of muscles for each vertebra. In pi'oportio' 
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1 ( dp\rl(jpp'l, this inlimile 
an4 the (eitebi'e diminish 
es The muscles ate un 
equailj distribufed and aie 
concentrated about the 
limbs, wheie the giealct 
amount of musculai' force 
isie^jjied Foi thl^, rea 
son the latgeBt nr 
Qesh m the highei veite 
brates are lound about iJie 
shoulders and hips ; while 
in fishes they are concen- 
trated about the base of the 
tail, which is the part princi 




ipally employed in locomotion. 



163. One of the most curious and inr.portant applie iHoos 
of this apparatus of bones and muscles is for Locomo- 
tion. By this is understood the movement which an animal 
makes in passing from place to place, in the pursuit of pleas- 
ure, sustenance, or safety, in distinction from those motions 
which are performed equally well while stationary, such as 
the acts of respiration, mastication, &c. 

164. The means which nature hsis brought into action to 
eficct locomotion under all the various circumstances in 
which animals are placed, are very diveraified ; and the 
study of their adaptation to the necessities of animals is highly 
icteresting in a mechanical, as welt as in a zoological point 
of view. T«o genera! plans may be noticed, under which 
these varieties may be ruTansed. Either the whole body is 
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of 



iployed foi the purpo'je 

165 The lellj fishes (McdH'iis) swim 
by contracling iheii umhiella shaptii] 
bodies iiprn the wiilfci bolo« and its 
resibtarice urges them forwanh Other 
annuals are provided with a sni. oi 
siphon, tthth they «ny fill wilh waloc 
and suddflnly force out, piuducing a jet 
which IS r siMed by the smioiiiiding 
wntei" and tf e animal is thu^ propelled 

, (Holothuii-i,) the cuttle fishes, the Salpce, 

way 

166 Otleis fontnct smill poilions of the body m Sic 
ct.'jsoij, which being thereby lendeied firmei seive as 
po iita of re& 'itancB agi nst which the animal may sliiie, 
in uig ng the body onwards The earth wnim, whose boJy 
IS composed of o. spi es of ungs united by muscles and 
shutting more or le% into each othei, has tnly lu close up 
the r ngs at one or more points, to foim a soit of fulcium, 
agimst which the »esl of the bodj exeils itself m extpnling 

167 Some ha^e, at the eUKimt es of the hodj, a cup or 
some othei organ fci maintaining a firm hold, each extrem ty 
acting in turn a** a faxed point Thus the Leech has a cup 
or sucker at its tail, by which it fixes itself the body is then 

olon^ited b^ the contract on 
of the muse !nr fibres which 



eiiciiole the an mal , the m 
IS next fixed by a similai s 
er and by the 
the body is shortened, 
t forwards to lepeat ill 
IP inolhi'Ii", such 



uth 



(he I 
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move from place to place, in a similar way. A fleshy organ, 
called the fool, is. thrust forward, and Sta extremity fixed 
in th; mud, or to some firm object, when it contracts, 
and thus draws along the body and the shell enclosing 
St. Snails, and many similar animals, have the fleshy under 
surface of their body composed of an infinitude of very shorl 
muscles, which, by successive contractions, so minute, indeed, 
as scarcely to be delected, enable them to glide along 
smooihly and silently, without any apparent muscular effort. 

168. In the majority of Roimals, however, locomotion is 
effected by means of organs specially designed for the pur- 
pose. The most simple are the minute, hair-like dlia^ 
which fringe the body of most of the microscopic infu- 
sory animalcules, and which, by their incessant vibrations, 
cause rapid movements. The sea-urchins and star-fishes 
have llltle thread-like tubes issuing from every side of the 
body, furnished with a sucker at the end. By attaching 
these to some fixed object, ihey are enabled to draw or roll 
themselves along ; but their progress is always slow. Insects 
are distinguished for the eumber and great perfection of thei» 
organs of motion. They have at least three paira of legs, 
iind usually wings also. But those that have numerous 
feet, like the centipedes, are not distinguished for agilily. 
The Crustacea generally have at least five pairs of legs, 
which are used for botli 
swimming and crawling. 
The Worms are much less 
uciive; some of them have 
only shorl bristles at their 
sides. Some of the marine "S' ^''■ 

species use their fringe-like gills for paddles, (Fig. 33.) 

J69. Among the Vertebrata, we find the greatest diveraity 
ui the organs of locomotion and the modes of their applica» 
tion, as well as the greate5t perfection, in whatever element 
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tliey rtn^ be eniplojed The siilinij of the eagle the hound- 
ing of thr antelope, the swimming of the shaik, urc not 
equalled by onj moiements of Lti&ecls Thi^> siipfi oiity is 
due to the internal skeleton, which, while it almit'. a great 
disphy of foice, gves to the motions, at the sjine time, a 
great degree of piecision 

1 Flm t th Oi^ras of L-Toiimon 

170 The organs of picgre'-aioii in leitehiated animals 
n^vei e\eeed four in number, and to thein the tPim hmhs is 
moie p^irticulailv applied The study of the^e organs, aa 
chaiacteristic of the difleipnt group*, of veilebiatc ammils, 
IS most interesting, especially when pro'seeuted w ith a \ low 
to tnce them all hack to one fundamental plan, and to ofa- 
seive the modifications, oftentimps ^eiy slight, by which a 
veiy simple oigan is adapted to e^ery vaiietj of move- 
ment No part of the animal structure moie fully illustrates 
the unit^ of design, or the skill of the Intellect winch h^a 
so adapted i single oigan to such multiplied ends On this 
account, we shall illustrate this subject somewhat in detad 

171 It IS easy to see that the v\ing which is to sustain 
the bird m the air must be diffeient from the leg of the stag, 
which is to serve for running, or the fins of the fish that 
Bwims. But, notwithstanding their dissimilarity, the wing of 
the bird, the leg of the stag, and the shoulder fin of the fish, 
may still be traced to the same plan of structure ; and il^ 
we examine their skeletons, we find the same fundamental 
parts I o de o sho v s is necessary to give a short de- 
gcrlp on of he comp on of the arm or anterior extremity. 

\12 r e a e o nembe in the vertebrates, is invaria- 
by on posed of he fo o ng bones; 1, The shoulder' 
hlada o p Zcf (a ) a b oad and fiat bone, applied upon 
the bmos of the trunk 2. The arni,ifi,) formed of a single 
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( ) n(J tdna, (d,) 
1! land, which :s 



o 1 n dft 1 

a i 1 h d 1 d 1 p 

n m ly h p { ) 

map p 1 (/) d 1 J.A 

i g fi J, ( ) Tl I I 

ila J ( ) h 1) 1^' 

also 1 a m mbe I 

bo f I d I f fi (5 



sh d bl I 
e1 Id p 



If p he 
nd 




fad f lly de 1 1 d II 1 

hhra helnbfmh d 
iho birds and the bais. On the other 
hanii, it is rudimentary, or entirely want- 
ins if animals which move Ihem hack- 
wai^is and forwards only, as with r 
.luadrupeds. 

173. The following outlines, in which co 
are indicated by the same letters, wil! gi 
modifications whicii these bones present ir 
In the arm of man, (Fig. 34,) the shoulder-blade is flat 
end triangular; the bone of the arm is cylindrical, and en- 
larged at its extremities; the hones of the fore-arm are 
somewhat shorter thnn the humerus, but more slender ; the 
hand is composei^ of the following pieces, namely, eight 
stnall hones of the carpus, arranged in two rows, five meta- 
ciirpal bones, which are elongated, and succeed those of the 
wrist; five fingers of imcqt^al lenglh, one of vvhicli, the 
thuaib is opposed lo (he four others. 



Fig. 34. Fig. 85. 

rresponding bones 
ve an idea of the 
1 different classes. 
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174. In the s j, (Fg 35 ) 1 bones of ihe tbre-arm 
arc rather lo g ha of e a -m, and the radius no 

longer turns on a bu s b dcd with it; iho mela- 

niirpal, or c o bo e s ea y developed ; and, being 
quite as lonj, a. e fo e a s ap to be mistaken for it. 

The fingers a e educed o of which iii surrounded 

h\ a hoof, a s e 



175. In the 




bone is 



FIr, 36. 

stouter, the carpal bones arc less nu 
are short, and armed with strong, ri 
whale; (Fig. 37,) the bones of the 
much shortened, and very 



Fig. 3-/. 



Tierous, and the fingers 
itractile claws. In the 
arm and fore-arm ^re 
the hand is broad, the 



fingc 



tnJ dis- 



it from each other. 




In the bat, the thumb, which is represented by s 
look, is entirely free, (Fig. 38 ;) but the fingere ar 
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across them, so as to serve the purpose of a wing. Iq tirda 
the pigeon for example, (Fig. 39,) there are but two fiagera 
which are soldered logeilier, and destitute of nails ; and thri 
thumb 13 rudimentary. 

J76. The arm of the turtle (Fig, 40) is peculiar in havini^, 




Fig. 42. 
besides the shoulder-blade, two clavicles ; the arm-bone is 
twisted outwards, as well as the bones of the fore-arm, so 
that the elbow, instead of being behind, is turned forwa-i3s ; 
the fingers are long, and widely separated. In the Sloth, 
(Fig. 41,) the bones of the arm and fore-arm are very greally 
eiongatei^, and at the same time very slender ; the hand is 
I'kew'se very long, and the fingers are terminated by enot- 
mous on etractile nails. The arm of the Mole (Fig. 43) 
s I mo e extraordinary. The shoulder-blade, which ia 
usuallj 1 broad and fiat bone, becomes very narrow ; the 
a bon on the contrary, is contracted so much as to seem 
nea !y square ; the elbow projects backwards, and the hand 
is excessively large and stoat. 

177. In fishes,. the form and arrangement of the bones is 
so peculiar, that it is often difficult to trace their correspifcd- 
ence to all the parts found in other animals; nevertbeieas 
the l>ones of tlie fore-irm are rcadiiy recognized. In the Cod 
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(l'>. 43^ Ihfirp are two flat and broad bones, one of which, 
the ulna, (rf,) presents along point, anlet-joriy. The bonea of 




lore irreg- 
! presented 



ibecarpua are represented by four nearly square little bones. 
But in these again there are considerable 
ferent fishes, and in some genera they are much 
ular in form. The fingers are but imperfectly 
by the rays of the fin, (g,) which are composed of an infini- 
tude of minute bones, articulated with each other. As to 
the humerus and shoulder, their analogies are variously in- 
terpreted by different anHlomisia. 

178. The form of the members i 
the special offices which they are 
by a single inspection of the bo] 
eented in the pre^ieding sketches, o 
which they are to be put. Tbi 
radius turning upon its ulna, the delii 



so admirably adapted to 
lesigned to perform, that 
^s of the arm, as repre- 
B might infer the uses to 
arm of man, with its 
e and pliable fingers, 
and the thumb opposed to them, bespeak an organ for the 
purpose of handling, The slender and long arm of the 
sloth, with his monstrous claws, would be extremely incoQ- 
venieni for walking on the gwund, but appropriate for seizing 
upon the branches of the trees, on which these animals live. 
The short fingers, armed with retractile nails, indicate the 
lion, at first glance, to be a carnivorous animal. The arm 
of the stag, with his very long cannon-bone, and that of the 
hoiFse, also, with its solitary, finger enveloped in a hoof, are 
organs especially adapted for running, The very shmder 
and greatly elongated fingers of the bal are admii'ably cod 
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8? 



Irivod for ilie spread of a wing, without JnirRasmg the 
weight of tlie body. Tlie more firm and solid arm of Ihe 
bird iadicatos a move sustained flight. The short arm of the 
whala, with his spreading fingers, resembles a strong oar. 
The enormous hand of the mole, with its long elbow, is con- 
structed for the difficult and prolonged efforts requisite in bur- 
rowing. The twisted arm of the tortoise can be appl ed to no 
other movement than creepmg And finally, the arm of the 
fish, completely envelope 1 m the mass ot the fle&h pieaents, 
txternally, a mere delicate balai cei the pector-il tin 

179. The posterioi members are identical in theirtitiuaurp 
with the anterior ones The bones of wh ch the\ ate 
composed, are, 1. The pehis, (Fig 46 ) nh ch conespon h 
to the shoulder blade , 2 The thigh bone oi femur w h oh 
is a single bone, like the humerus , 3 The bones of the leg 
the tibia snd^bula, which like the rad us and ulna s me 
limes coalesce into oie Vone and las ly, the bones of the 
foot, which are divided like l! use of the hand, into thiee 
parts, the tarsus or ■inkle the metitarsi^ or nstep and the 
toes. The modifications aie genenllj les' maiked than in 
the arm, inasmuch as theie is less dveisity of fmction , for 
in all animals, without exception the prstenor extrcmites 
are used exclusively for ^uppoit or locomotion 

160. The anterioi extremity of the vertebrates, however 
varied in form, whethei it be ■ 
arm, a wing, or a fin 
shown to be composed of 
tially the same paits ani 
structed upon the s ime s 
plan. This affinity does not ex- 
tend to the invertebrates ; for al- 
though in many instances their 

limbs bear a certain resemblance lo those of the vertebrate 
and ure even used for slmiliir purposes, yet they have n 
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lore widely sepan 
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wliicli lifiv(! ihi: feet placed i 
fof walking. 

183. The more numerous and the 
are the points of support, the firmer 
tilts ftccount, quadrupeds are less liable to 
than birds. If an animal has four legs, 
that the) should have a broad base. Thus we see thai 
mos; quadrupeds have slender legs, touching the earth bj 
only a small surface. Broad feet would interfere with each 
Other, and only increase the weight of the limlB, without 
adding to their stability. Bij-ds are furnished with long toes, 
which, as they spread out, subserve the purpose of tripods. 
Moreover, the muscles of the toes are so disposed that the 
weight of the bird causes them to grasp firmly ; hence il 
is enabled to sleep standing in perfect security upon the roost, 
without effort. 




Fig, 18. 
184. In quadrupeds, the joints at the junction of the iimbg 
witli the body bend freely in only one direction, that is, to- 
wards the centre of gravity ; so that if one limb yields, the 
tendency to fall is counteracted by die resistance of the 
limbs at the other extremity of the body. The same antag- 
onistn is observed in the joints of the separate limbs, which 
are floxed alternately in opposite directions. Thus the thigh 
bends forwards, and "he leg backwards ; whi'o tlie arm bends 
6^ 
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backwards, and the fore-arm forwards. Diflerenl terms hiive 
been employed to express the various modes of progression, 
aceoiJlng to the rapidity or the succession in which the 
limbs are advanced. 

185, Phoghession is a forward movement of the body, 
etfected by successively bending and extending the liiKbs. 
Walkins is the ordinary and natural gait, and other paces 
are only occasionally employed. When walking is aecom- 
plished by two limbs only, as in man, the body is inclined 
forwards, carrying the centre of gravity in that direction ; 
and while one leg sustains the body, the other is thrown 
forwards to prevent it from falliog, and to sustain it in turn. 
For this reason, walking has been defined to be a continual 
falling forwards, continually interrupted by the projection of 
the legs. 

186, The throwing forwards of the leg, which would 
require a very considerable effort, were the muscles obliged 
to sustain the weight of the limbs also, is facilitated by a very 
peculiar arrangement ; that is, the joints are perfectly closed 
up ; so that the external pressure of the atmosphere is suffi- 
cient of itself to maintain the limbs in place, without the as- 
sistance of the muscles. This may be proved by experi- 
ment. If we cutaway all the muscles around the hip joint, the 
(high bone still adheres firmly to the pelvis, but separates the 
moment a hole is pierced, so as to admit air into the socket. - 

187, In ordinary walking,, the advancing leg touches the 
ground just before the other is raised ; so that there is a 
moment when the body rests on both limbs. It is only whea 
the speed is very much accelerated, that the two actions 
become simultaneous. The walking of quadrupeds is a 
similar process, but with this difference, that the body always 
rests on at least two legs. The Umbs are raised in a deter- 
minate order, usually in such a manner that the hind-leg of 
one side succeeds th fore-leg of the opposite side. Some 
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animala, as the giraffe, the lama, and the bear, raise both 
legs of one aide at the same moment. This is called am- 
hling, or pacing. 

1S8. Eui^NiNG consists m the simp &ucccssioi of motioiis, 
as walking, so aci,elented that theie la a moniei t be 
tween two steps when none of the limbs tonr-h the ground 
In the horse and dog and m most mammal'', a diatinction is 
made between the wilk the trot, the cantei, and the gallop, 
all of which hive difleient position^ oi mea'suies The liol 
has but two measufes The immal raises a leg on eich 
side, in a cioaa dnection, that is to saj the ii^htfoiel g 
with the left hind leg, and so on The cantei hag thuc 
measures. After advancing the two fore-legs, one after the 
other, the animal raises and brings forward the two hind-legs, 
simultaneously. When this movement is greatly urged, 
there are b th f I b ' d o- 

gether as 1! tl 1 d 1 g t th ra i g It j) 

189. L b d g f 11 th 1 h f I 

lowed by dl t f 1 m 1 h tl th 

lK>dy forw d w tl ra h f t f 1 

ground, fo t t t k t t d 

advance. F 1 p p tl 1 ! v 1 

before leap M t m 1 I Ij 1 

of this m d f p 1 b 1 b 



the thrusl &c F lly tl 

leaping ii ts h h fl 

hoppers d I ts wh 

wlih which I p fl 
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190, Climbing is m el qU g pon an n I n d o 
even upright surface. I s usually acco pi 1 ed 1 y n ani of 
sharp nails ; and hence any ca o o al cl n ) 

with great facility, such a he a be he I za Is a d 
many hirds, the woodpecUc fo a ce 1 e en pi v 

their arms for this purpo e lie 1 e baa a hen 1 ej cl b 
a tree ; or their hands, an 1 even 1 p a Is i ke he o 
kfiys ; or their beaks, like 1 e pa o s La ly 1 e e a e son e 
whoso natural mode of p og e o a cl b ng S cl a e 
the slothu, with their arms so long, that, when placed upon 
(he ground, they move very awkwardly ; and yet their stnip 
Eure is by no means defective, for in their accustomed move 
menta upon trees they can use their Hmba with veiy great 

J91. Most quadrupeds can both walk, trot, gallop, and 
leap ; birds walk and leap ; lizards neither leap nor gallop, 
but oaly walk and run, and some of them with great rapidity. 
No insect either trots or gallops, but many of them leap. 
Yet their leaping ia not always the effect of the muscular 
force of their legs, as with the flea and grasshopper ; but 
some of them leap hy means of a spring, iu the form of a 
hook, attached to the tail, which they bend beneath the 
body, and which, when let loose, propels them to a great 
distance, as in the Podurellse. Still others leap by means of 
a spring, attached heneath the breast, which strikes against 
the abdomen when the body is bent ; as the spring -beetles, 
(Ehte™.) 

192. Flight is accomplished by the simultaneous action 
of the two anterior limbs, the wings, as leaping is by that of 
the two hinder limbs. The wings being expanded, strike 
and compress the air, which thus becomes a support, for the 
mcment, upon which the bird is sustained. But ns this 
support very soon yields, owing to the slight density of the 
air, it follows that the bird must make the greater and more 
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rai id efforts lo compensate for this disadvantage, tence it 
requires a much greater expenditure of strength to fly than 
to walk 5 and, therefore, we find the great mass of muscles 
in birds concentrated about the breast, (Fig. 30.) To facili- 
tate its progress, the bird, after each flap of the wings, brings 
Amg hbdso pe 11 f 

p hi 1 f 11 f 1 d f 

all b d I b n f 1 b d y I d 



Gal p h 
myb 
1 pf 



f m h d hemselves for a consider- 

b! h 1 h 1 ey are called fljing-iish. 

B I 1 fl I 

194. Swimming- is the mode of locomotion employed by 
the greater part of the aquatic animals. Moat animals which 
live in the water swim with more or less facility. Swimming 
has this in common with flight, that the medium in which it 
b performed, the water, becomes also the support, and read 
ily yields also to the impulse of the fins. Only, as wawr is 
much more deose than air, and as tiie body of most aquatic 
animals is of very nearly the same specific gravity as water, 
it follows that, in swimming, very little efibrt is requisite to 
keep the body from sinking. Tlie whole power of the mus- 
cles is conseqnentlj employed in progression, and hence 
swimming requires vastly less muscular force than flying. 

195. Swimming is accomplished by means of various or- 
gans designated under the general term, /ns, altho'agh in nn 
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aniitomical poin", of view tliese may represeDt very difFerent 
parts. In the Whales, the anterior extremities ar.i the tail 
are transformed into fins. In Fishes, the pectoral fins, which 
represent the arms, and the ventral fins, which represent the 
legs, are employed for swimming, but they are not the prin- 
cipal organs ; for it is by the tail, or caudal fin, that pj'O" 
gression is principally efiected. Hence the progression of 
tlie fish is precisely that of a boat under the sole guidance 

sion .of strokes alternately right and left propels the boat 
straight forwards, so the fish advances by striking alternately 
right and left. To advance obliquely, it has only to strike 
a little move strongly in the direction opposite to that which 
he wishes to take, The Whales, oo the contrary, swim by 
striking the water up and down ; and it is the same with a 
few fishes also, such as the rays and the soles. The air- 
bladder facilitates the rising and sinking of the fish, by eaa- 
bling it to vary the specific weight of the body. 

196. Most land animals swim with more or less ease, by 
simply employing the ordinaiy motions of walking or leapiog. 
Those which frequent the water, like the beaver, or which 
feed on marine animals, as the otter and duck, have webbed 
feet; that la to say, the fingers are united by a membrane 
which, when expanded, acts as a paddle. 

197. There is also a large number of invertebrate animals 
in which swimming is the principal or the only mode of 
progression. Lobsters swim by means of their tail, and, like 
the Whales, strike the water up and down. Other Crustacea 
have a pair of legs fashioned like bare ; as the posterior legs 
in sea-crabs, for example. Many insectp likewise, swim 
wilh their legs, which are abundantly fringed with hairs to 
give them surface ; as the little water boatmen, (Gyrinaa, 
Dyliscus,) whose mazy dances on the summer streams every 
t>ne must have observed. The cuttle-fish uses ita long ten- 
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tacles as oai's, (Fig. 47 ;) and some star-fishes (Comtiiiila, 
Euryale) use their arms witli great adroitness, (Fig. 151.) 
Finally, there are some insects which have their limbs con- 
structed for running on the surface of waters ^s the water- 
sii-lers, (Eanatra, Hydrometra.) 




198, A large number of animals have the faculty of mov 
ing both in the air and on land, as is the case with most hirds, 
and a great proportion of insects. Others move with equal 
facility, and by the same members, on iand and in water, as 
some of the aquatic birds and most of the reptiles, which latter 
have even received the name Amphibia, on this account, 
There are some which both wall;, (Jy,and swim, as the ducks 
and water-hens ; but they do not excel in either mode of 
progression. 

199. However different the movements and offices pei- 
formed by the limbs may appear to us, according to the ele= 
ment in which they act, we see that they are none the less 
the effect of the same mechanism. The contraction of the 
same set of muscles causes the leg of the slag to bend for 
leaping, the wing of I'ne bird to flap in the air, the arm of 
the mole to excavat' ihe earth, aptl the fin of the whals to 
filrike tlie water. 
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HUTKiriON. 

200 fi E se and class of the functions of animah aie 
those which relate to the maintenance ot life and the pei 
petuation of the species the functions of i egetatiie life (59 ) 

201 Tie inciease of the volume of the body mu9t le 
q lire additional maternls Theie is also an incessant wiste 
of particles whirh having become unfit foi fuithei use aie 
earned out of the systtm Eveiy contraction of a mu'^cle 
expands thb pi er^v of some piiticle? whose pKce must be 
s ippli I Thoae St.] plies iie denved fiom every natuiil 
soiree, the Hmmal, vegetable, tnd even the rainLral k ng 
dams'; and nie ]erei\ed undei every finely of solid liquid 
ind gaseois fo m Thi=, theie is a perpetual mteichange 
<f sulstanee between the animil body ani the woild aiouod 
The conversion of these supplies into a suitable material, ita 
distribution to all parts, and the appropriation of it to the 
growth and sustenance of the body, is called Nutrition in 
the widest sense of that term. 

502. In early life, during the period of growth, the amounl 
of sub5taiice3 appropriated is greater than that which is lost 
At a later period, when gro th is completed, an equilibrium 
between the matters lece ved and those rejected is established. 
At a still latet peiiod tie eq librun is again disturbed, 
more IS rejected thin is eta ed dec epitude begias, and at 
last thp organism becon '^ e\hau3 ed 1 e functions cease, and 
death ensues 

203. The solids and fluids taken into the body as food are 
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aubjucied to a process called ingestion^ by which the scUd 
poilions ure reduced lo a fluid state also, the nutritive sepa 
rated trom the excrementitious, and the whole prepared to 
become blood, bone, muscle, &c. The residue is afterwards 
espelled, together with those particles of the body whicii 
require to be lenewed, and those which have been derivRcl 
from the blood by several processes, termed Secretions. 
Matters in a gaseous form are also received and expelled with 
(he air we breathe, by a process called Respiration, The 
nutiitive fluids are conveyed to every part of the body by 
currents, usually confined in vessels, and which, as they 
return, bring back the particles which are to be either reno- 
vated or expelled. This circuit is what is termed the Circu- 
lation. The function of Nutrition, therefore, combines sev- 
eral distinct processes. 



y04. Digestion, or the pi ice s b 
of food are elaborated and pie 
pared to become part of the bodj , 
is effected in certain cavitLe= the 
stomach and intestines, qr aim. 
tary canal. This canal if 
less complicated in the 
classes of animals ; but there is no 
animal, however low its orgimza 
lion, without it, in some form (54) 

205. In the polypijthe digestive 
apparatus is limited to a 5 ngle 
caviiy. In the Sea Anemone [Kg 
tinia,) for esnrapic. It IS a | cuch (H^ IS n ^p'-llec 
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the interior of l!ie body. When the fooc hag been sjffijitntly 
digested there, it passes, by imbibition, into the general cav- 
ity of the body, (c,) which is filled with water, and mingling 
with it, flows thence into all parts of the an« 
imal. The jelly-fishes, (Med usee,) and 
some Worms, have a distiact siomach, with 




) 



ff 




(Fig. 50,) in which the siomach (s) 

is broader than either extremity of 

the intestine. The dimensions and 

Fig, 50. " form of the cavities of the it 

very considerably, according to the mode of life of the a 

iiial ; ba'. the special functions assigned to them are invar 

ble ; ano the three pvinu'ipal eavilies succeed each other. 
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C\eij 711 (nl nine lhe\ lie fiuud, 

first, the stomiiuti, (s,) then the 

first, but often enlaiged 

lowaids Its termination 

Tins airangement may 

be seen by the follow 

log dingnm'! fiom abee- 

tle and a land mnllusk, 

ubpie thp Bame Jetleis 

indicate coiiespondiag 

parth, (Fig^ 51,52} 

207 Fiomthe mouth, 
(ra,)lho food passes into 
tlie stomach ihiough a 
nanow tube ,a the n(,ck, 
cilled the tesopliagiis ur 
gullet, (o ) This IS not 
ilnayi- a direct pabsagn of 




Tig SI Fig S2 

foim size , but there ifj some" 



a pouch, the ciop, (c,) intowhicb the food is fiial intro 
duced, and which sometimea acqwies coneideiable dimeo- 
eions, especially in birds, and in some insects and mollusks. 
(Fig. 51.) in the stomach, the true digestive process is be- 
gan. The food no sooner arrives there than changes com 
mence, under the influence of a peculiar fluid called the gm^ 
trie juice, which is secirated fey giands lining the inferior of 
the stomach. The digestive action is sometimes aided by the 
movements of the stomach itself, which, by its strong contrac- 
tions, triturates the food. This is especially the case in the 
gizzard of some birds, whieh, m the hens and ducks, for in- 
eiance, is a powerful muscular organ. In some of the Ciua- 
lacea and MollusUs, as the Lobster and Aplysia, there arc 
even solid organs for braakisig dawn the food within the 
Ktomach itself. 

30S The result of this process ia the redLiotioii of llif lood 
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however, the ch^ e th s for ed is transfeiTed to the intes- 
tine, by a pec la o e ent like that of a worm in creep- 
ing, which has acco d gly eceived the name of vermicular 
or peristaltic f otton 

209. The form of he 'i-nall intestine (t) is less variable 
than that of the s omac! It s a narraw tube, with thio walls, 
coiled in var ous d ect o is n he e "teb -a e a ' ala b t 
moie simple a the nverteb-ate espec a ly he n ects Its 
length vanes, accord g to the a e ot t! e foo 1 he g n 
general longer in heibnoioiis I n n Ci rn o s an mals 
In this portion of the canal, the al ment ndergoes ts com 
plete elaboration, thiough the agency of cer a n j ces vh ch 
heie mingle with the chyme, such as the bile secreted by tlie 
iiier, and the pancreatic juice, secieted by the pancreas. 
The lesuit of this daboiatioQ is to pioduce a complete sepa 
ration of the truly nutritious parls, in the foi-m of a milky 
liquid called chyle. The process is called chyKjication ; and 
there are great numbers of animals, such as the Insects, 
Crabs, and Lobsters, some Worms, and most of the Molluska, 
in which the product of digestion is not further modified by 
respiration, but circulates throughout the body as chyle. 
310. The chyle is composed of minute, colorlesa globules 
of a somewhat flattened form, (Fig, 53.) In 
the higher animals, the Vertebrates, it is taken 
up and carried into the blood by means-of very 
minule vessels, called lymphatic vessels oi 
lacleals, which are distributed every where in 
the vallsof the intestine, and communicale 
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with llie veins, forming also in their course several gli n lulm 

masses, as seen in a portion of rotesti lie connected viiili a vein 

in Fig. 54 ■ and it is not until thus 

taken up and mingled with the 

circulating blood, that any of ouf 

food really becomes a part of the 

living body. Thus freed of the 

nutritive portion of the food, 'he 

residue of the product of digestion 

passes on to the large inteatme, 

from whence it is expelled in the 

form of excrement. ^ 

211. The organs above desciibed constitute Ihp most es 
senlial for the process of digestion, md are found moie or lesa 
developed ia all but some of the radiated animals , hut theie 
ore, in the higher animols, several additional ones for aiding 
in the reduction of the food to chyme and chyle, which render 
their digestive apparatus quite complicated. In the first place, 
hard parts, ofahorny or bony texture, are usually placed about 
ihemouthof those animals thatfeed on solid substances, which 
serve for cutting or bruising the food into small frugments 
before it is swallowed , and, m many of the lonei animals, 
iheae oi^ans are the only hard portions of the body This 
process ot subdividmg or chewing the food is teimed masti' 

ClUlQH 

212 Beginning Hith the Radnta,we find the appatatuH 
lor masticntion paitiking of the star-like aiiangment which 
chiracteiizes those animala Thus lo Scutella, (Fig. 55,) 
we h-ne a pentagon composed of five tiiangular jaws, con- 
veiging at then suramita towards a central aperture which 
corre'ipondi to the mouth, each one beaiing a cutting plate ot 
tooth, like a knile blade, fitted by one edge into a cleft The 
file jaiih mo^c towiida the ceiitie, and pieice or cut the ob- 
le^'^j «licl cjmp brtneenthem In soiieoftli tea urchins" 
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(Ecliinus,) ihis apparatus, which has been called Ansiotlo's 





hntetii (F g 56 ) t ns s,Is of mm emus picrcs nd is much 
more compl cated "stiK, the hve fundamental pieces oi jaws, 
eiicli of them bearing a tooth at its point, rnav be recognizpd 
as in Sciitella onlv msteid of being phced hoiizontallj 
Ibej form an inseited pyr^inid 

213 Amon^ the Mo)lu&ks, a fe« 111 e the cuttlefishes 
haveBohdja«s or beaky closely lesembhng pj^r-^^^j..-^— 
the beuk of a purot, (Fii; |- '— V ''I 
57,) wliLch mo\e up at 1 
down a*! in buds But 

much laiger numbei n&p . . , | 

then food bj means of a flat ^j]||gi||s| 
Hide coiled up like a watch Fig 58 

, the suiface of which is coveied with innurnerable 
minute tooth like points of a hoiny ci. n-^i'ilence, as seen m a 
hij»lily magniiied pottion of the so called tongue of Natica, 
(Fig 58, a ) which, howe\ei, is only a mod hi.alioii of the 
bealts of cuttle h lica 

"!4 The 'i.itcLhti aie lemail ible as 
a (,la=-i 1 1 ll e diveistyind comjlcition 
of then a paiatus for tal ng and dniding 
iheirfood In some mai ne woima, Neieis 
for exan pie, the jaws con'sist of a pair of 




r.ii 5 




she ith, f F o- m) In sp dri-h, these jai 



lodged iQ 3 
3 external, and 
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lounted on long, jointed stems. Insects which 
masticate iheir food have, for the most part, at least two pairs 
of horny jaws, (Figs 60 61 nt y ) bes'des se^c-al ad Vdonal 
pieces which serve for «eizmg and holdmg tht, i f oO 
Those which live on the fluids which they extract e tl er fro ii 
plants or from other an mils have the ma=iticatoiy orgnns 
trnnsrormed into a triik oi I be fo tl at pj [ose Ihs 
trunk is sometimes rolled up m a spiral m-innei is n tl e 
butterfly, (Fig. 64;) oi t s s if i d f Ifd he ea h 1 e 




chest, as in the sqiisl hw (1- g 62 ) coi ta n ng se^e d! 
piercers of extreme delicacy, (Fig. 63,} adapted to penetrate 
the skin of animals or other objects whose juices they estract ; 
or they are prolonged so as to shield the tongue when thrust 
out in search of food, as in the bees, (Fig. 61, (.) The crabs 
have their anterior feet transformed Into a kind of jaws, and 
several other pairs of articulated appendages performing es- 




cljsively raasticatoiy funrtious Even i 
Rotifers we find veij compliLated jri 
onus, (Fig. 65,) and .1.11 moie migr 



icrascopic 
ni in a Rrachi 
Fig. 66. But 
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amidgt this diversily «f apparatus, there is one thing ATiich 
cl>arac\erizes all the Articulata, namely, the jaws always 
move sideways; whilo those of the Vertehrates and Mollu-iks 
move up and down, and those of the Radiata concentricnily. 
215. lu the Vertebrates, the jaws form a pari of the bony 
skeleton. In most of them the 
r jaw only is movable, and 
is bronght up sgainsl the upper 
jaw by means of very Wong "mils, 
cles, the temporal 
muscles, {Fig. 67, 
;qu!sile for sel 



,v!th 




i) which 
nd mas- 



TEJ!T1 



furnished with teeth do 



ilid cutting 

and tortoises, 
Dme of the whales, 
lain concealed in the 
have instead a range 
ir fans, fringed at tlie margin, 
larate the minute marine ani- 
mals on which they feed 
from the water drawn in 
with them, (Fig. 69.) 
A few are entirely des- 
titute of teeth, as tho 
ant-eater, (Fig, 70,) 

217. Though all the 

vertebrates possess jaws, 

it must not be inferred 

Many swallow their prey 

i, and whales. Even many of 



their 
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food , some using them merely for seizing and securing ttieir 
prey, as the lizards, frags, crocodiles, and the great majority 
of fishes. In such animals, the teeth are nearly all alike in 
form and structure, as for instance, in the alligator, (Fig. 71,) 
the porpoises, and many fishes. A few of the latter, some of 




Fig. 71. Tig. Ti- 

the Bays, for example, have a sort of bony pavement, (Fig. 
72,) composed of a peculiar kind of teeth, with which they 
crush the shells of the mollusks and crabs on whicli they 



2'18. The Mammals, however, are almost the only verfe 
brafes which can properly be said to masticate their food- 
Thelr teeth are well 
developed, and pre- 
sent great diversity 
in form, arrangement 
and mode of inser- 
tion. Three kinds 
of teeth are usually 
disfinguislied in most 
of these animals, 
■whatever may be 
their mode of life:-, 
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tusks or cjmivoroiis teetli, canines ; and the grinders, molon 
(Fig. 73.; The incisors («) occupy the froiil of the moutli, 
the upper ones being set in the infermaxillaiy bones ; they 
are llie most simple and the least varied, have generally 
a thill catting summit, and are employed almost exclusively 
for seizing food, except in the elephant, in which they assume 
ihe form of large tusks. The canines (5) are cor.ical, mc:e 
elongated than the others, jnore or less curved, and only two 
in each jaw. They have but a single root, like the incisors, 
and in Ihe carnivora become very formidable weapons. In 
the herbivom, they are wanting, or when existing they are 
ustially so enlarged and modified as also to become powerful 
organs of offence and defence, although useless for mastica- 
tion ; as in the babyroussa, &c. The molars (c) are the most 
important for indicating the habits and internal structure of 
the animal ; they are, at the same time, most varied in 
shape. Among them we find every transition, from those of 
a sharp nnd pointed form, as in the cat tribe, to those with 
broad and level summits, as in the ruminants and rodents. 
Still, when most diversified in the same animal, they have 
one cliaracter in common, their roots being never simple, 
but double or triple, a peculiarity which not only fixes tfiem 
more firmly, but prevents them from being driven into the 
jaw in the efforts of mastication, 

219, The hamtony of organs already spoken of (22-24) 
is ilhislrnted, in a most striking manner, by the study of the 
teeth of the mammals, apH especially of their molar teeth. 
So constantly do they coiTespond with the structure of the 
other parts of the body, that a single molar is sufficient not 
only to indicate the mode of life of the animal to which i 
belongs and show whether it feeds on flesh or vegetables, at 
ho' 1, h\t also to determine the particular group lo which it is 
related. Thus, those beasts of prey which feed on insects, 
5nd which on that account have been called lusectivora, such 
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s fhe moles and bals, have the molars teimlnateiil by tieveml 




shurp, r.onical points, (Fig. 74,) so arranged that the eleva^^ 
tions of one tooth fit exactly into tlie depressions of the tootii 
opposite to it. In the true Carnivora, (Fig. 75,) on the con- 
trary, the molars are compressed laterally, so as to have 
sharp, cutting edges, as in the hats ; and they shut by the 
side of each other, like the blades of scissors, thereby di 
viding the food with great facility. 

220. The same adaptation ia observed in the leeth of her- 
bivorons animals. Those which chew the cud, (ruminants,) 
many of the thick-skinned animals, (pachydermaia,) hke the 
elephant, and some of the gnawers, (rodentia,) like the hare, 
(Fig. 76,) have the summits of the molars flat, like mill-stones, 
with more or less prominent ridges, for grinding the grass 



HnslcdhyGoOgIC 



108 KUTMTiapJ. 

mprelv by invesliiioling liie fr'igmeat of n rnofli iiiifici- i mi 
Close ope 

2ZZ Ar iher pioce-i", «iibsdiaiy to digt-it on, i« called 
msalivation Animals wh ch masticate their foL 1 ha\p 
glaods, in the ne ghboihood of the mouth, which secrete a 
fluid called xahi a Thi& flu d mingles w ith the food Ti it u 
chewed, and prepaies it also to be moie leaddy swallowed 
Tbe salivaiy glands are f,enenlly wanting, oi ludimemary, 
or otherwise modihed in aninnls whieb 3«allon their food 
without maslicition Aftei it has bren masli'-ated fnd mm 
gled with sal va. It is moved biclwaidsbj tbetongie, and 
passes down thiough the CBBcphngus, into the stomach Ibis 
act IS called deglutition oi walhumg 

223 The wisdom and skill of the Cieator is sti 1 ngly 
illustrated in the means he has afforded to evt,rj creature (or 
tecurmg the means foi subaslence Some anirnnis ba\o 
no lb lity to move fiom place lo place, but are fixed t > il d 
Bod as the ouster the pohp, cSjc These are dependent for 
subaisteoce upon such food as may stray or float near anJ 
they have the means of mc inng it when it comes witbui 
then leach The oyster closes its shell, and thus entraps its 
piej , the poljp has flexible aims, (Fig. 77,} capable of 
great extension, which it throws instantly 
my minute animal that comes in con- 
with it. The cuttle-fish, also, has elongated 
s about ibe mouth, furnished with rnngea 
of suckers, by which it secures its prey, 
(Fig. 47.) , 
224. Soma are provided with instiuments 
FiS' ^7 fi-i,. extracting food from places which woidd 

be otherwise inaccessible. Some of the molluslts, with their 
rasp-like tongue, (Fig, 58,) perforate the shells of other ani 
mals, and thus reach and extract the inbabilaat. Insects 
have vario is piercers, suckers, or a protractile tongue for the 
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sime jirp -^e (t gs, 01 bl) M-io> Annelidis tht leeches 
loi eiamp e, haie a &ucl er, v,\ ich emblem them to pioduce 
ft vacuum, acd theiebv driw out blood from the perfoiatiONS 
they make m othei animals ]\Iinj' m cioscopic inim ils ire 
piovided with haiis oi ciha around the mouth (Fig 65) 
whif h by iheii incessant motion pioduce curients that brin^ 
within reach the still moie nnioute cceituiea oi piiticles .11 
which they feed 

225 Among the Veitebnfa, the heibnoia £;enerally cm 
plo\ then lips, or then tongue, or both togelhei, for seizing 
the griss 01 leivfs the) feed upon The caiunoi~i use their 
jaws, teeth, and especially then claws, which aie long, sharp 
even movable, and admirably adapted for the purpose. The 
woodpeckers have long, bony tongues, barbed at the tip, 
with which they draw out insects fi-om deep holes and crevi- 
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CHAPTER SEVENTH. 

CP THE BLOO0 AND CIBCULATION. 

237 Ihe nutiili>e ]oilion= ot Ihe fonfl are poured Itiio 
llie ^eaeial mass of flmd which povailes every part of liir- 
booj out of which eveiy tissue is oiigmally construcled- 
and tiom time to time lenewed Tina fluid, in the general 
acceptation of the tcim ;s called blood , hut it differa gveiUiy 
in Its eesontial coBslitution m the difFeient groups of the 
Aaimnl Kingdom In polypi and medusie, it is merely 
chyme, (20'^ ,) in most mollu=ks and articulates it is chyle, 
(20Q ,) but m veilebiites it is more highly organized, and 
conshtutea what is properly called Blood 

22S The Blood, when examined by the microscope, is 
found to f-onsist of a ti'anspaient fluid the seium,., coiisiiJiing 
chi&fly of albumen, flbiio and svitei, in which float many 
rounded, somewhat compressed bodies, called blood disks 
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vihratile cilia, which overspread llie interior. In most of 
the niolluslts and articulates, the blood (chyle) is also !n 
iinmedinte contact wilh the viscera, water being mixed with 
i! ill mollusjfi; the vess'^ls, if there are any, not lornii'ig a 
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compliil L ^ 11 b t f iit/ing into vinou'J c i t os which 
inlesrupt ilie l com e 

233. In anirail& of still h ghef organization as tlio verte- 
braiea, we find the ^ ital fluid enclosed m an npp opriate ael 
of vessf Is b) tthch it is success ve,Iy ("on¥e\ed througlioul 
t lie system to supplj nutiiiictit and seciPtions, and to the 
respiratory orsais, nheie it absorbs oxygen, or, in other 
words, becom s oiygenaled 

933. The ^ sspIs in which the blood circulates are of two 
kinds: 1 The a teiiet,, ot a fi m, ela'itic stiuctme, which 
may be diaten le 1 or contracted, accoidiiig to the ^olQrae of 
their oon ten ta aind\ihich comej he blood fiom the ceniro 
towards the "iiirface, distributmj, it to e\eiy point of the 
body. 3 The veim of a thin, membranata 
structure fuiushed within with lilies (tig 
83, w,) which aid in sustaining the column of 
blood, only nllowing it to flow fiom the pen 
phery towards the centie The aitcries con 
stantly subdivide into smiller and smaller 
branches; while tlie veins ccmmeice in mnute 
twigs, and are gatheied into blanches and 1 ii ^ei 
trunks, to unite finally into a few stems, neai the 
centre of circulation 

234. Tie extiemities of the aitenea and veini 
nected by a net work of extremely 
delicate vewels called captllaiym 
srh (Fig 83) They pervade eve t 
po on of he b d o o 
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Other important proi^Licts den 
effete particles and the sub 
those changes by which the b b 

comes the dark blood of the 
of the respiratory orgiins wii h th 
dark venous blood is oxygen 
scarlet hue of tlie arterial bl d 
235. "Where there are blood 




Fig. 84. '^ 

flow only towards the head, a d h g h b d 

ths body, is returned again ii d (F 84 ) 

by fissures at its sides. 

236. In all the higher ani g 

the heart., which forces the b h 

wards the periphery, and re g 

The HEART is a hollow, muse g m 

which dilates and contracts reg d nd 

ently of the will. It is eithe d d 

by walls into two, three, or p 

the following diagrams. The m d fi 
m their connection with the p -a g d 

the higher or lower rank of a m n d h 

quality of the blood distribute 

2ST. In the mammals aud h d h h d d 

vertical partition into two c h 

divided into two compartments, one aboie the othei, as seen 
in the diagram. Fig. 85.) The two upper cavities are called 
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aunrlc-i and one ventricle, (F g 86 ) Fishes have one luu 
cle and one lentiicle only, (Fig 07 ) 

238 T ■ 'ca "h h h 
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vi?i]tride, (hti blgod is driven through thu main arterial trunk, 
called the aorla, {Fig. 90, a,) and is distributed by i(s 
branches thi jugbout the body ; it is then collected by the 
veins, carried baoli to the heart, and poured into the riy!)! 
auricle, (Pig. 85, r a,) which sends it inio the right voiHricle 
rv.) The right ventricle propels it through another set of 
arteries, the pulmonary arteries, (Fig. 90, _p,) to the lungs, 
(J. ; ) it is there collected by the pttlmonnry veins, and con- 
veyed to the left auricle, (Fig. 85, / a,) by which it is returued 
to the let lenircle thus couplet ng the c rru t 

241, Hence the blood in perform i g its whole circuit 
passestvice through the heait The firat pit oi this cir- 
cuit, the passage of the bloud thiough tie I ody is called 
the great cirou''aUon and the =ecoi! pail the passage of 
the blood thiough the luig^ ["the lessn or p il nonary cir- 
culation this lonble cii-cuit is sa 1 to 1 e a <o- ipl-fe circu- 
lation, III thi9 case the heart maj be lustly regarded as 
two hearts conjoined and in fact the whole of the lesser cir- 
culalion intervenes in the passage of the blood from one side 
of tlie heart to the other; except that during the embryonic 
period there is an opening between the two auricles, which 
closes as soon as respiration commences. 

242. In reptiles, (Fig. 86,) the venous blood from the 
body is received into one auricle, and the oxygenated blood 
from the lungs into the other. These throw their coatenls 
into the single ventricle below, which propels the mixture in 
part to the body, and in part to the lungs ; but as only the 
smaller portion of the whole quantity is sent to the lungs in 
a single circuit, the circulation is said to be incomplete. In 
the Crocodiles, the ventricle has a partition which keeps sep 
arate the two kinds of blood received from the auricles ; but 
the mixture soon takes place by means of a special artery, 
Tvhieh passes from the pulmonary artery to the aorta. 

243 In fishes, (Fig. 87,) the blood is carried directly 
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CHAPTER EIGHTH. 



OF RESPIRATION. 



245. F la tlie maintenance of its vital properties, the alood 
must be submitted to the influence of the air. This is true 
of all animals, whether they live in the atmosphere or in tlie 
water. No animal can survive for any considerable period 
of time without a d gh m 

die when deprived h ffi 

tiring the btood i m h 



246. Among 



be b 



trachem, {Fig. 89, t,) opetiiog externally 

upon the sides of the body, by small aper- 

ra tures, called stigmata, (s ; ) as in insects 

Hiat and in some spiders. But the most com- 
LHummaaM^ mon mode of respiration is by means of 
kEB|^^^ Limss, a pair of peculiar spongy or cel- 
lular organs, in the form of large pouches, 
which are the more complicated in pro- 
portion to the quantity of air to be con- 
Fig. 89. sumed. 
247. In tlie lower vertebrata, provided with lungs, they 
form a single organ ; but in the higher classes they are in pairs, 
placed in [he caviiy formed by the ribs one on each sitle of 
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ihe vertebral column, and enclosing the heart '/*) between 
riiem, (Fig. 90, 1 1.) The lungs communicate with the attiios- 
phere by means of a tube cottiposed of cartilaginous rings 
which arises from the back pari of the mouth, and divides 
below, first into a branch for each organ, and then ioto in- 
numerable branches penetrating their 
whole mass, and finally terminatiag m 
minute sacs. This tuba is the tracliea 
or windpipe, (id,) and its bi'anohes ire 
tlie bronchi. In the higher air-breath 
ing animals the luagsand heart occupy 
an apartment by themselves, the die t 
which is separated from the other con 
tents of the lower arch of the vertebral 
column, (161,) by a fleshy partition 
called the diaphragm, passing across 
the cavity of the body, and arching up i 
only access to this apartment from nithc 
(Fig. 23, o,) through the trachea. 

248. The mechanism of respiration by lungs may be com- 
oared to the action of a bellows. The cavity of the chest ia 
enlarged by raising the ribs, the arches ofwh,ch naturally 
slope somewhat du«'flward, but more i^ppcially by the con- 
traction of the diaphragm, whereby its intrusion iato the 
chest is diminished. This enlargment causes the air to rush 
in through the trachea, distending the lung so as to 511 the 
additional space. When the diaphragm is again relaxed, 
and the ribs are allowed to subside, the cavity is again dimin- 
ished, and the air expelled. These movements are termed 
inspiration or inhalation, and expiration. The spongy pul- 
monary substance beitig thus distended by air, the blood sen. 
from the heart is brought into such contact with it as to allow 
the requisite interchange to take place, (335.) 

249. Tho respiration of an(m;ilg breathing in water is ac- 



o th(, chest. The 
t 1 bj tha glottis, 
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mplished by a difFei-eiit apparatus. The air is to be 
/ed froir. tlie water, in which 
i always diffused. 
The orgaas for this purpose are 
F ff 91 cilled irancliia or gills, and are 

cate tufts or plumes floating outside of the body, 
m in some of the 
(F g 33 ) and many molluska, (Fig. 
91 "^ ) or they consist of deli 
ca e CO nbiand brushes, as in fishes 
(Fig 92 } ciabs, and most raoltusks, 
(Pig 88 s ) These gills 
w lys so f t lated that the water has 
^ to them In the lo«6^ aquatic animals, such aa 
thp polypi and son e jelly fi les and mollusks, respiration 
Mkes place by the incessant mot ons of vibratory cilia, which 
fr nge both the outs de aid t! e ca\ ties of the body ; the cur- 
rents they produce bunging uon lantly fresh supplies of water, 
containing air, into contact with the respiratory surface. 
250. Many animals living 




surface and I 
w I h 



1 the atmosphere ther 



ife furnished 
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254. Tlie energy and activity of ao animal is, therefore 
«imewhal dependent on the activity of its respiration. Thua 
the load, whose movements are very sluggish, respires much 
more slowly than the mammals, birds, and even insects ; and 
it has been ascertained that a butterfly, notwithstanding its 
comparatively diminutive sizej consumes more oxygen than 

255, The circulation and respiration have a reciprocal in- 
fluence upon each other. If the heart be powerful, or if 
on violent exeroise a more rapid supply of blood to repair 
liie consequent waste is demanded, (301,) respiration must be 
proportionnlly accelerated to supply air to the greater amount 
of blood sent to the lungs. Hence the panting occasioned by 
ranning or other unusual elforts of the muscles. On the 
other hand, if respiration be hurried, the blood is rendered 
more slimulnting by greater oxygenation, and causes an ac' 

]] 
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celeration of tlie circulation. The quanlity of air (.onsumed 
varies, therefore, with the, pvoportioa of tho blood which ia 
stjnt to the lungs. 

356. Tlie proper lemperatare of an animal, oi" what is 
termed animal heat, depeads oa the cocBi)ined activity of 
the respiratory and circuiating syatemg, and is in direct pro- 
portion to ic. In many animala the heat is maintained at a 
utsiform temperature, whatever may be the variations of 'he 
surrounding medium. Thua, birds nnaintain a temperatui'e 
of about lOS" Fahrenheit ■ and in a large proportion of m'lm- 
m m 95 T se 



to the Tespiiatoiy oiffans aie among them, (24u } 

S58. The production of animal heat I'l ohiioitsly connected 
with the reopiiatory process The o\ygen of the respired 
air IS diminished, and caibonic acid takes its place. The 
carbonic acid is formed m the body by the combination of 
the oxygen of the air wilSi the caibon of the btood. The 
chemical combination attending this function is, therefore, 
essentially tlie same as that of combustion It is thus easy 
to undeistand how the natural heat of an animal k greater 
m pioportion T-i lespiration is more actiie How far nutri- 
tion in general, and more particularly asstmilatiov, by which 
the liquid parts are fc\ed and solidif ed, is connected vvith the 
maintenance oi the propei temperature of animals, and the 



HnslcdhyGoOgIC 



unt'oim diatiibution of heat thiotij,!i llie bo'i, 1 < ■. nut yel 
been satisfactorily a&ccilained 

259 Some of the highei waim-bloodeJ animals do not 
aiaiQtam tlieir elevated temperatuie duiing the whole year ; 
but pass the winter m a soit of lethargy calkd hibernatios, 
or the Inhernaling sleep. Tlie maiinot, the bear, the bat, 
the ciooodde, and mo^t reptdes, fuiiush examples Dunng 
(his ='ate the animal takes no food ; and as it refpiies only 
after very ptnlonged intervals, us heat is diminished, and ita 
witdl ft'nctions generally aie much leduced. The stiui^tural 
cau-ie of hibernation is not aaceitained ; but the phenomena 
attending it fully illustrate the laws alieady stated, (254-8.) 

1^60 There is anothei point of ijcm in which respimtion 
should be consideied, namely, uith reference to the buoy- 
ancy of animals, oi their powei of using in the atmosphere, 
and their ability to \ive at difierent depths in the water, under 
a diminished or increased pressure. The organs of res- 
piration of birds and insects are remarkably adapted for the 
purpose of admifring at will a greater quantity of air iaio 
their body, the birds being provided with large pouches ex- 
tending from the iungs into the abdominal cavity and into 
She bones of the wing. In insects the whole b<dy is pene- 
trated by air tubes, the ramifications of their tracbeffi, which 
are enlarged at intervals into wider cells ; whilst most of the 
aquatic animals are provided with minute, almost micro- 
Bcopic tubes, penetrating from the surface into the substance, 
or the cavities of the body, admitting water into the interior, 
bj which ihe\ thus adapt their whole system to pressures 
which would othv-iwise crush tliein These tubes may with 
pfopnety be cnll d italei tubes In fishes, they penetrate 
through the bones of the head and shculder, through skin 
and scales, and communicate with the blood vessels and 
heait into which tne^ pour mter, m molluska thoy are 
n jre ) Jii ei j in th lifsh j- its Ha, for examiile, in the 
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The different respiratory organs 


in Artioukl«a are in reality mere 


modiSoationa of the snme apparat 





BucoesaiTe metamorphoses distinctly show, and cannot be comparod 
with either the lungs or gills of Vertebrates ; they are apecial organs 
not found in. other classes, though they perfi rni the samo fmiotiona. 
The same may be said of the gills and lungs of mollusts, which 
are essentially alike in structure, the lungs of sn^a and slugs being 
only a modification of the gills of aquatio mollusks ; but these two 
kinds of organs differ again in their sti'uoture and relaSoiis &om tllQ 
traohaiB and gills of Aititiilates, as much as from the lungs and j-Ols 
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',he hard shell, whilst in polyps they perforate the walls of 
the ge.ieral cavity of tha body^ which tliey constantly fili 



of Vertebrates. In those Had ates whi has provided ivitli. distinct 
respiratory organs, such a the F 1 d □ s, we find still aiiothei 
typical Btntcture, their gill f n n^, bu 1 of fringes around the 
month, or rows of minute as I al ng U radiating eegments of 
Oil: body. 
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C H A P T E E NINTH. 

OF TUB SECRKTIONS. 

261. Vhi LE, by the process of digestion, a homogeneoug 
fluid is prepared from the food, aniJ supplies new material to 
the blood, another process is also going on, by which the 
blood is analyzed, as it were ; some of iis constituents being 
selected and so combined as to form products for useful 
purposes while other portions of it which have become useless 
J 1 k pb Iff g 
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^63 In the igher animali, wheio 

niiuUi|jhed, nuinprous sac<! "tnJ tubes are 

glands Some of the'^e are of hige size, 

such as the sah^'jiy glands, the kidneys, 

and ' le hver In these, chi'^leia of sacs 

open into a common canal, anclthi'; can il 

amies with similar ones foiming higpi tiunka, such as we 

find in the saliviry ghnds, (Fig 93,) and finally they all 

discliaige by a single duct 

364 Bj the oigans of secipfion, t«o lomewbit difieienl 
puiposes are effected, mmeh, fluids of a pecuhni charactei 
are selected from the blood, foi impoitanl n^es, =uch as the 
saliva, tears, milk, &c , some of which difitr but little in 
their composit oQ fiom that of the blood it'.alf, and might 
be letaineJ in the blood with impunity, oi, the fluida 
selected ate such as aio positively in|urioui!, aid cannot 
remain in the blood without loon deslioyiiig 1 fe These 
attei are usuallv termed Excretions 

265 As the weight of the body, except duiing Us peuod 
of active growth, lemains nearly unifmm, it follows that it 
must dally lose as much as it receives m other «oids, the 
excretions must equal in amount the food and drink taken, 
with the excepiion of the Moall pioporlion disch-irged by the 
ahmentaiv canal Some of the most impoitant of these 
outlets will be now indicatpd 

266 We have alieady =ipen (37) that all animal tissues 
admit of being tnveised by liquids and gases This mutual 
transmission of fluids from one side of a membrane to the 
other is termed endosnwsis and ewimosis, or imbibition and 
transudation, and is a mechanical, lather than a vital, phe 
nomeoon, inismuch as it takes place in dead as well as m 
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living tissues. The bloodvessels, especially the capillaries, 
share this property. Hence portions of the circulating fluids 
escape through the walls of the vessels and pass off at the 
surface. This superficial loss is termed exhalation. !t ia 
most active where the bloodvessels niosl abound, and accord 
ingly is very copious from the air-tubes of the lungs and 
from the skin. The loss in this way is vei7 considerable ; 
and it has been estimated that, under certain circumstances, 
the body loses, by exhalation, five eighths of the whole weight 
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iisuaily 'firmed the vascular layer. The 
Buperficial layef (t) ia the epidermis, 
or cuticle. The cells of which it ia com- 
posed are distinct at its inner portion, 
but become dried and flattened as they 
are pushed outwards. It is supplied with 
neither vessels nor nerves, and, conse- 
quently, is insensible. Between these 
two layers, and more especially con- 
nected with the cuticle, is the rete viuco- 
sum, (5,) a very thin layer of cells, some 
of which contain the pigment which 
gives the complexion to the different 
races of men and animals. The scales 
of reptiles, the nails and claws of 
mammais, and the solid coverings of the Crustacea, are 
merely modifications of the epidermis. On the other hand, 
the feathers of birds and the scales of fishes arise from the 
»c I M 
69 Of 11 1 E f pi from the 

L ! b 1 b 1 e and im- 

p d 1 1 I }, organ, by 

wh h b 1 did I 1 ry deparl- 

h 1 m II f h \ 1 d are want- 

g h 1 1 f ! I V brates, the 

1 11 f 11 I f h b !y. In mol. 

Ik 1 S3 p ]■ d II p ds, like the 

i 1 p h ts 1 (Fig. 52 ;) 

1 1 ph 1 Ik 1 1 m d generally 

d 1 hi f d ! o shape of 

1 g b I d 1 1 d (F . 51.) In 

I II (3 I 1 ly 1 I p d especially 

am hid I h fib ■itends into 
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all the recesses cf the rays ; and, in color and sliuctuie, re , 
sembles the liver of mollusks. Even in polyps, wo find po- 
cuUar brjwn cells lining the digestive caviiy, which, proba- 
bly, perform functions similar to those of the liver in tlie 
higher animals. 

270. The great importance of the respiratory or^ns in 
dis 1 g' boo from the blood has already been spoken 

of ( 45 251 ) The substances removed by the liver and 

h f the same class, being those wliich are dead- 

f . These organs seem, in some sense, sub- 

d y h other ; and hence, in those animals where 

h p y organs are largely developed, the biliary 

o paratively small, and vice veisa. Anotlier 

a d pp lass of impurities, and no less pernicious if 

re d 1 blood, is removed by the kidneys; and, 

consequently, organs answering to the kidneys are found 
very far down in the series of animals. Most of the peculiar 
ingredients of the urine are capable of assuming solid, crys- 
talline forms; and, in some animals, as in reptiles and 
birds, the whole secretion of the kidneys is solid. In most 
cases, however, the urinary salts are largely diluted with 
water; and, as the lungs and liver are supplementary to 
each other in the removal of carbon, so the lungs, the kid- 
neys, and tlie skin mutually relieve each other in the removal 
of the watery portions of the blood. 
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CHAPTER TENTH 

EMBRYOLOGY. 

SECTION K 



ITl The functions of vegetative life, of which wc nave 
'rcated m thf pieceding chapters, namely, digestion, circu- 
klion, ieap laiion, and secretion, have for their end the pres- 
civiiion of the individual We have now to treat of thtt 
functions that ser^e for the perpetuation of the species, 
namely those of reproduction, (200.) 

272. It his been geneiiHv idmitted that animals as well 
as [ilanis ire the ofispiing of individuals of the same kind ; 
and -oice versa, that none of them can give birth to individ- 
uals diffeimg fioin themi^ehes; but recent investigations 
have modified to a considerable extent this view, as we shall 
see beieaflei. 

273. Reproduction in animals is almost universally accom 
plished by the association of individuals of two kinds, males 
and females, living commonly in pairs or in flocks, each of 
Ihem characterized by peculiarities of structure and external 
appearance. As this distinction prevails throughout the ani- 
mal kingdom, it is always necessary, if we would obtain a 
correct and complete idea of a species, to take into account 
the peculiarities of both sexes. Every one is familiar with the 
diflercnces between the cock and the hen, the lion and the 
lioiiess, &c. Less proiniticnt peculiarities are observed in 
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most Veriebrales. Among Ai-ticulala, ihe difFefences are no 
less sUiking, llie males being ofYea of a different sliai>e and 
color, aa in crabs, or having even more complete organs, iis 
in many Iribes of iosecla, where tbe males have wings, while 
the females are desiitute of diem, {Fig, 117.) Among mol- 
liisks, ihe females have often a wider shell 

374 EiPn highei distinctions thin apecific ones air h used 
upon peciiliaiLties ol the sexes fur eMimjle tie whole 
class of Mammalia is chiiacteiized by the fact tbit the 
femile is i urn shed wi h oigins foi nourishinK hei voiri^ 
with a pecuhai liquid, the m Ik secieted by her&ell Ai?i n, 
the Mnisupul such as the opossun and langaioo are ds 
tinguished by the c rcumstance that the female has a pauch 
info which the joung are leceiied m their immatire con 
dition at birth 

275 That all animils Tie produced from egj^ {Omne 
I tium Ci ofo ) IS ■xn old adige in Zoology, «hich modern 
resediches have fuUj confiimed In tracing biclt the phages 
of animal lile, we invariably arme at an epoch when the 
mcipieni anlm^l is enclosed within an e rg It is then tailed 
au emhffo, and the petiod pissed in thi9 cond tion is cilled 
h hj p d 

S76Bf I I fha Ikndm 

h d b a ly d d d ag h mb p d, 

allnl -edddno ged h p- 

a up n h e wl h lay gg h b ds, 

rep 1 h 1 n ec n 11 k &c d h ? w, 

wl hb g f h 1 J uog 1 He 1 m m I nd 
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ejjgri sliouM tlu!veFoi'e, bo considered as a uiiiveraal charac 
teristic of this Animal Kingdom. 

277. Form of the Egg. — The general form of the egg 
r leas spherical. The eggs of birds have the form 



■ at one end ; and this 
wal has been universally 
i by no means the uaua' 



of aa elongated sjihei 
form fe so constant, that the terra o 
adopted to designate it. But this is 
form cf the eggs of other animals, 
in most instances, on the contra- 
ry they are spherical, especially 
aniong the lower animals. Sonie 
have singular appendages, as those 

of the skates and sharks, (Fig. 95,} which are shaped like 
a hand-barrow, with four hooked boms at the cornei-s. The 
eggs of the hydra, or fresh water 
polyp, are thickly covered with 
prickles, {Fig. 96.) Those . 
ccfiain insects, the Podurella,for 
example, are furnished with fila 
menls which give them a hairy 
aspect, (Fig, 97 ;) others are cylindrical o 
frequently the surface is sculptuied 

278. Formation of the Egg. — The egg originates 
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or be fiirlhcr surrounded by calcareous deposits, the shell 
proper, (Fig. 101, s.) The number of these eggs is large, in 
proportion as the nniraul stands lower in tjie class 1o which 
it belongs. The ovary of a herring contains more than 
25,000 eggs ; while that of birds contains a much smiiUei 
number perhaps one or two hundred only. 

279. Ovulation. — Having attained a certam o'egree nf 



maturity, which vr 
the ovary This i 



differeut classes, the eggs leave 
called ovulatio7i and must not le con* 



n pe d ely, 

h p d Dtiy 

seveial times a year , most of the lower aquatic animals, how- 
ever, Say their eggs in the fall, or during winter. In others, 
on the contrary, it occurs but once during life, at the period of 
maturity and the animal soon aficrwarda dies Thus the but- 
fl dm d 1 ly f ! mg 1 d h 

Th J od f I f 1 

111 h pi 1 1 P 1 

f h p 1 1 lym I d 
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"SI Ln (Kj — Aflti leading ihe oian 'Ik" P^ga jie 
Bithci disci ^tge(l fiom the immal, tliit is laid, oi lliey 
continue their development within the paroDl animiK "-^ is 
the case iii some fishes and leptiles, as shiiiks and vipers, 
which, foi thit leason ha\e been mmed movutpatous 
dniraaj^ The egga of the mammalia are aot onlv developed 
within the mothei but become mtimilely united to her , this 
peculiai mode of development has lecened the nime of 
gestation 

282 Eggs are sometimes kid one hj one as m oiuh , 
sometimes collectively and xa gieit niimbei-s, is in ^.„^ 
the frogs, the fishes, and most of he mveitebiates ^^ 
The queen ani of the African teimites Kys 80 000 ^M 
eejs in twpntj four hours and l3 e common hair gg 



,orm {Goidius)a; 

luiters bj a gelalir 
nclosed in casPa 
imimg long strings £ 
9 ) The conditions 
f difleient animals ai 



LS 8,000 000 m less than fef 

IS envelop m othpii thej are pg gg 
between membrmous disks, 
s 111 the eggs of the PyiuU shell (Fig 
under which the eggs 
e pUced, on being lai I, 
are very diffeient The eggs of buds and of 
some msecti are deposited m nests consti ucted 
for th'* puipose b} the parent Othei animdls 
ciiiy then eggs attached to then bodes 
Borne' mes no lei the tail, is in the lobsteu 
and ( rahs, sometimes han^ ng m li ge b in 
dies nn both sides of the tail, as in the Mo 
«iiouu! IS, {Fib 100 1 ) ^ ° ' ' 

!i3T Some toids canv them on the bau-k and what is 
^lO'^t exiiaoidinaiv, it is the mile which undertakes tiiii 
ollice Man\ molliisks, the Uno foi example, hivelhcni 
eiu Icied between tht ftl h of the g Ih diiimE, ncubatioii 
III the jelh fi hfs an 1 j jI>J9 it ry hanj; in ulus f is eiihei 
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outsiJe, (Fig. 77, o,) or inside, at the bottom of tiie cavity 
of the body. Some insects, such as the gad-flies, (ieposil 
their eggs on other animals. Finally, many abandon thcit 
eggs to the elements, taking no further care of them after 
they have been laid ; such ia the case with most fishes, some 
insects, and many moiluslts. As a general rule, it may be 
said that animals take the more care of their eggs and brood 
as they occupy a higher rank in their respective classes. 

284. The development of ihe embryo does not always 
lakpTid h Adra 
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like manner, tbs eggs of most birds may be hatched by main- 
taining them at the proper temperature by artificial means. 
Some fishes are also known to build nesls and to sit upon 
iheir .iggs, as the sticldebaoks, sun-fishes, and cat-fishes ; but 
whether they impart heat to them or not, is doubtful. 

Before enlering into the details of embryonic transfor 
mafions, a few words are necessary respecting the composi 
iion oflSie egg. 

986. Composition of the Egg.—-The egg is composed 
of several substances, varying in structure, as well as in 
appearance. Thus, in a hen's egg, (Fig. 101,) we have first 
a calcareous shell, (s,) lined by a double membrane, the shell 
memiraJie, (?»;} then an albuminous substance, the u>Afe, 
(a,) io which several layers may be dialinguished ; within 
this we find the yolk, (y,) enclosed in its membrane ; and 
before it was laid, there was in the midst of the latter a mi- 
nute vesicle, the germinalive vesicle, {Fig. 98, g,) containing 
a still smaller one, the germinative dot, (d.) These different 
parts aie not equillj impoilant ma 
physiological point of view The 
most conspicuous of them namely, „ 
the shell and the white, aie not e-^ 
sentiil paits, and fheiefore are often 
wanting , while the j oil the gei 
mmative vesicle, and the gi,imini F,g loi 

tue dot aie foml m the e^gs of 

ill in mih and out of these ind of theie onlj , the germ ig 
formed, in the positioD shown by Fig. 101, e. 

387. The vitellus or yolk (Fig. 101, j) is the most essen- 
tial part of the egg. It is a liquid of variable consistence, 
sometimes opaque, as in the eggs of birds, sometimes Irans- 
garent and colorless, as in the eggs of some fishes and 
mollusks. On examination under the microscope, it appears 
to he composed of an accumulation of granules and oil-droaa. 
IS" 
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The ydk is surrounded by a very thin skin, the vitelline 
membrane, [^ig- 98, v.) In some insects, when the albumea 
ia wanting, this membrane, surrounded by a layer of pecu- 
liar cells, forms tlie exterior covering of the egg, which, in 
Buch case?, is generally of a firm consistence, and sometimes 
even horny. 

288. The germinative vesicle {Fig. 98, g) is a cell of ex- 
treme delicacy, situated, in the young egg, near the middle 
of the yolk, and easily recognized by the greater transpar- 
ency of its contents when the yolk la in some degree opaque, 
as in the hen's egg, or hy its outline, when the yolk itself ia 
transparent, as in eggs of iishes and mollusks. It contaiaa 
one or more little spots, somewhat opaque, appearing as 
small dots, the germinal dots, (rf.) On closer examination, 
these dots are themselves found to contain smaller nucleoli. 

289. The albumen, or white of the egg, (Fig. 101, a,) is 
a viscous substance, generally colorleas, but becominfj 
opaque white on coagulation. Voluminous as it is in birds' 
eggs, it nevertheless plays but a secondaiy part in the histo- 
id of their development. It is not formed in the ovary, like 
the yolk, but is secreted by the oviduct, and deposited around 

Ijll hp fhghhl n! 
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^90. The formation and development of the young ani- 
mal witliin the egg is a most mysterious phenomenon. From 
a hen's egg, for example, surrounded by a shell, and com- 
posed, as we have seen, (Fig. 101,) of albumen and yolk, 
with a minute vesicle in its interior, there is produced, at the 
end of a certaio time, a living animal, composed apparently 
of elements entirely difteient fiom those ot the egg, en- 
dowed with organs peifectlj ad ipted to the exeiLi&e ol all 
the lunctLons of ammal and ■veget'itiie life, havmg i pul 
sating heart, a digestive apparatus, organs of sense foi the 
reception of outward impiessions, and havmg moieoiei, the 
faculty of perfoimmg voluntaiy motions, and of experi- 
encing pain and pleasure These phenomena aie ceitainly 
sufficient to excite the cuuosily of every intelligent person. 

291 By openmg egg'- which h tve been subjected to incu- 
bition during different peuods ol time, we may etsily lati^fy 
ourselves that these changes -iie effected gradually \\f 
thus hnd that those which ha^e uDdeigone but a short incu 
hifion exhibit only faint indications of the fuluie animal , 
while those upon which the hen has been sitting foi a 
tongei peiiod include an embivo chiclien piopoitionally 
moie developed Modem leseaichea have taught us that 
these giadual changes, although complicd.led, and at hi^t 
sight so mjstciious, follow a constant law in each grtat 
divisi jn ot the Ammal Kingdom 

293 The study of these changes constitutes that jtcil ii 
branch of Physiology called E-vibriology A& thoie ire 
difeiences in the foui gu il dcpait noils jf thb immai 
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IviLi^floin peicpplible it an eailj slige of embnonic iife, 
juiie U.5 ob\jous as those iound at maturitj .lud as the 
phi=;c9 of embijonic developrneot furnish important indi 
t,al ons for the natural classification ol animils, ive piopo^f 
to give the outlines of Erabrjologj, so far as it may hiic 
rtfeienre to Zoology 

293. la order to understand the successivo steps of em- 
bryonic development, we must bear in mind that the whole 
animal body is formed of tissues, the elements of which are 
cells, (39.) These cells, however, are more or less diversi- 
fied and inodilied, or even completely metamorphosed in the 
full gfown animal ; but, at the commencement of embry- 
onic life, the whole embryo is composed of minute cells of 
nearly the same form and consistence, originating within the 
yolk, and constantly undergoing changes under the influence 
of life. New cells are successively formed, ivhiie oihers 
disappear, or are modified and so transformed as to become 
bones, muscles, nerves, &c. 

294. We may form some idea of this singular process, 
by noticing how, in the healing of a wound, new substance 
is supplied by the transformation of blood. Similar changes 
take place in the embryo, during its eacly life ; only, instead 
of being limited to some part of the body, they pervade the 
whole animal, 

295. The changes commence, in most animals, soon after 
the eggs are laid, and are continued without interi-uptioii 
until the development of the young is completed ; in others, 
birds for example, they proceed only to a certain extent, and 
are then suspended until incubation takes place. The yolk, 
which at first consists of a mass of uniform appearance, grad- 
ually assumes a diversified aspect. Some portions become 
more opaque and others more transparent ; the germinal 
vesicle, whicn was in the midst of the yolk, rises to its upper 
partwhtro the germ is to be formed. Tlieae early changes 
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to the fotmation of a getm comprising the whole yolk, or 
rising ibo^e it as a disk shaped protubei'ance, composed of 
httle cpHo which his been vai ously designated under the 
names of geiminative di=k pioligerous disk, blastoderma, 
germinal membrane In ihis ci&e however, that portion of 
the yolk which has undergone ks& obvious changes forms, 
nevertheless pait of the glow as, germ. The disk again 
graduilly enlaiges until it embiaces the whole, or nearly 
(he whole of the jolk 

298 At this eaily epoch, namely, a few days, and some 
times 1 few houis, 

aft.,de,elopmen. ^,,^^>^ ., 
has c-egiin, the 
germ propei coo 
Bists of a single 
layer composed 
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of very niuiute cells, all of which are alike in appeaianee 
and form, (Fig. 102,^'.) But soon after, as the germ increases 
in thicKness, several layers may be discerned, in vertebiated 
animals, (Fig. 103,) which become more and more distinct. 

299. The upper layer, (s,) in which are subsequently 
formed the organs of animal life, namely, the nervous sys- 
tem, the rnuscfes, the skeleton, &c., (59,) has received the 
name of serous or nervous layer. The lower layer, (m,) 
which gives origin to the organs of vegetative life, and espe- 
cially to the intestines, is called the mucous or vegetative 
layer, and is generally composed of larger cells than those 
of the upper or serous layer. Finally, there is a third 
layer, (d,) interposed between the two others, giving rise to 
the formation of blood and the organs of circulation ; whence 
it has been called Mood layer, or vascular layer, 

300. From the manner in which the germ is modifiec!, we 
can generally distmguish, at a very early epoch, to what de- 
partment of the animal kingdom an individual is to belong. 
Thus, in the Aniculata, the germ is divided into segments, 

indicdtmg the transverse divisions 
of the body, as, for example, in the 
embryo of the crabs, (Fig. 104.) 
The germ of the vertebrated ani- 
mals, on the other hand, displays 
a longitudinal furrow, which marks 
Fig. 104. rig. m. jijg position the future back-bone 
is to occupy, (Fig. 105.) 

301. The development of this furrow is highly important, 
B.' indicating the plan of structure of vertebrated animals in 
general, as will be shown by the following figures, which 
represent vertical sections of the embryo at different epochs,* 
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At first the furrow (Fig. 106, i) is very shallow, and a lit- 




tle trons[n.ient narrow band ippSdT 
p> Imiliue stripe, (a.) The wal f 
raissd edges formed by a swelliag 
of the primitive stripe. Gradu 



under it called the 



1 



pe 



thei 



id e I) y, so that 

a c o ed a (Fig. 108, ) T 

hap a qu d, fi-om w 
) a e fo ed a a later per 

SO The p m e stripe g 



n c 



L cartil 



m e e vail of the 

h e nb cs of a 1 vertebra 
h ba bo e In the m 
g g ye nds farthei 

s h a V o e t entirely 
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303 In a I c as es of the A 
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the bicl 
304 



Li\if\ of the bodv i>ieu unlike m i^if 
ind these sclera! modes 
ftre of hisjh irapoilrtnce iti clas'ificalion 
Among the "Veitebiales, the embijo lie^ 
with lis face or \entral sutface towajils 
the volk (Fig 109 ) nnd thvis the suluie, 
01 hne at which the edges of the germ 
unite to enHose the ■\olI , and x^hlcll in 
the mammals loiras the in\el, is found 
m fiunt Anolhei ''utuie i" found along 
fi m the letual folding tipwmda of tlie 
iifuce of the geim, to foim the doi-«al cavity 
Phe embijo m the Aiticiilati on the contnry lies 
8 back upon the yolk as seen in the following figure, 
which lepieseiitsan embrjoof Poduiella, 
consequently the yolk enters the body on 
that side ; and the suture, which in the 
vertebrates is found on the belly, is here 
found on the back. In the Cephalopoda 
the yolk communicates with the lower 
Fig. 110. side of the body, as in Vertebrates, but 

there is no dorsal cavity formed in them. 
[q tlie other MoUusks, as also in the Worms, there is ibis 
peculiarity, that the whole yolk is changed at the beginning 
into the substance of the embryo ; whibt in Vertebrates, and 
the higher Articulates and Mollusks, a part of it is resetvod, 
dtl a later period, to he used for the nourishment of the em- 
bryo. Among Kadiata, the germ is formed around the jolk, 
and seems to surround tbe whole of it, from the first.* 

S)05. The development of the embryo of the vertebrated 
animals may be best observed in the eggs of fishes. Being 
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Iransparent, they do not require to be cut open, and, by 
sufficient caution, the whole series of embryonic changes 
(nay be observed upon the same individual, and thus the suc- 
cession in which the organs appear be ascertained with pre- 
cision ; whereas, if we employ the eggs of birds, which are 
opaque, we aro obliged to sacrifice an egg for each obser. 
vation. 

306. To illusliate these general views as to the develop- 
ment of the embryo, we wiii briefly describe the principal 
phases, as they hv.e been obsei-ved in the White-fish of Eu- 
rope, which belongs to the salmon fnmily. The following 
magnified section-i will diustrate this development, and show 
the period at which the diffeient orgins su es ely j pe . 




ng 111 Tig 112 

307 'lheegg,whenlaid,(Fig lll)issile c b e 

size of a small pea, and neaiH tianspaient. It has no albu- 
men, and the shell raembiane is so closelj attached to the 
membrane of the ^ oik, that thej cannot be distinguished 
Oil-like globules aie "icatteied through the mass ol th<. jolk, 
or grouped into a soit of disk, under which lies the germina" 
live vesicle. The lir^t change in such an egg occuia a tew 
hours after it haa been laid, when the shell mem biane sepa- 
rates from the ^olk membiane, in consequence of the ab- 
sorption of a qmntity of water, (Fig 112,) by which the 
egg increases in ^ize Between the shell membrane (s m) 
and the yolk, (y,) theie is now a considenble tnnspaient 
space, which coiresponds, in some lespecis, to the albumen 
found in the eggs of buds 

SOS. Soon afteiwiids wo src in the mid'jt ol the oii likp 
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globules, a swelling in the shape of a transparent vesicle, 
(Fig. 113, g',) composed of very delicate cells. This is lli'i 
first indication of the germ. This swelling rapidiv enlarges 
until it envelops a greai part of the yolk, when a depre'^sioi] 




Fig. 117. 
each oilier viniil they 
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US has been before shown (Pis; 107 ) A' the same time 
an enlargement at one end of ihe furrow la obseived This 
is ihe radimetit of the head, (Fig 118 ) iti which may soon 
be distinguished traces of the three divisions of llie brain, 
fFig. 119,) corresponding to the =enses ol sight [in,) heti- 
iDg, (e,) and smell, (p.) 

310. Towards the thirteenth dav, we see a tianspiient, 
cartilaginous cord, i a the pHce afei wails occipieJ b\ tie 
back-hone, composed of liige ct,!!'! tn whch trinsveise 




Fig. 120. 



divisions are successively forming, (Figs. 120, 191, c.) This 
is the dorsal coi-d, a part of which, as we have before seen, is 
common to all embryos of vertebrated animals. It always 
precedes the formation of the back-bone ; and in some 
fishes, as the sturgeon, this cartilaginous or embryonic state 
is permanent through life, and no true back-bone is ever 
formed. Soon after, the first rudiments of the eye appear 
in the form of a fold in the external membrane of the germ, 
in which the crystalline lens (Fig, 131, 3:) is afterwards 
formed. At the same time we see, at the posterior part 
of the head, an elliptical vesicle, which is the rudiment of the 
uar. At this period, the distinction between the upper and 
the lower layer of the germ is best traced ; all thecbangee 
mentioned above appertaining to the upper layer, 

311. After the seventeenth day, the lower layCT divides 
into two sheets, the inferior of which becomes the i 
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The heart shows itself (i m m 

of a simple cavity, (Fig ) m 

of cells beloQgitig to the 

as the cavity of tlie hea 

contraction and expansi 

of hlood are seon to i-ise 

motions. 

312. There is as yet, 
until the thirtieth day th 

other towards the trunk {F g 2 ) h 
currents. At this time tl g m 

while, the embryo gradu g ts 

from its adherence to th la 

the young animal moves 

313. The embryo, alt g d g 
unites all the essential h th 
functions of animal life. 

sating heart and circulating hlood, and it moves its tail spon» 
taneously. But the forms of the organs are not yet complete 
nor have they yet acquired the precise shape that character- 
izes the class, the family, the genus, and the species. The 
young White-fish is aa yet only a vertebrate animal in gen- 
eral, and might as well be taken for the embryo of a frog. 

314. Towards the close of the embryonic period, after the 
fortieth day, the embryo acquires a more definite shape. 
The head is more completely separated from the yolk, tho 
jaws protrude, and the nostrils approach nearer and nearer to 
the end of the snout; divisions are foi-med in the fin which 
surrounds the body ; the anterior limbs, which were indicaleci 
only by a small protuberance, assume the shape of fins ; and 
finally, the openings of the gills appear, one after the olh«f 
so thai we cannot now fail to recognize the type of fishes. 

315. in this state, the young whlte-lish escapes from the 
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hiid, (Fig. 123,) but 




DEVELOPMENT OF THE YOU 

I'gg, about the sixtieth day aftei 
its development is still 
incumplelo. The out- 
liaes are yet loo indis- 
tinct to indicate the 
genus and the species 
to which the fish he- 

loT.gs ; at moat we distinguish its order only. The operciila 
or gill-covers are not formed; the tee.h are wanting; the 
fins have as yet no rays ; the mouth is underneath, and il 
is some time before it assumes its final position at the mosl 
projecting point of the head. The vemaindef of the yolk is 
suspended from the betly, in the form of a large bladder, but 
il daily diminishes in size, until it is at length completely taken 
into the animal, (304.) The duration of these metamorphoses 
varies extremely in different fishes ; some accciniplish it in the 
course of a few days, while in others, months are required. 



316 a. In frogs and all the naked reptiles, the development is very 
similar to that of fishes. It is somewhat different in the scaly rep- 
tiles, (snakes, lizards, and turtles,) which have peculiar mBmbcaBes 
surrounding and protecting the embryo duriig its grow th. Prom 
one of these envelopes, the aUantols, (Fig. 12fl, a,) is derived theii 
common name of Allantotdian Veriehralea, in opposition to the naked 
roptiles and fishes, which are called AHaliaiiio'ldiaii 

315 6. The Allantoldian Vertcbiates differ from each Other In 
Gcvetal essential pci.uliiuil:ies Among Buds, as nell as in the sody 




■hen the oinbryo is already dis- 
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316. As a genci'al facl, it should be further alatuiS, that 
the envelopes which pi-otect the egg, and also ihe embryo, 
are the more numerous and complicgied as animals belong 
to a higher class, and produce a smaller number of eggs. 
This is particularly evident when contrasting the innumer- 
able eggs of fishes, discharged almost without protection 



engaging itself from tlie yolk, a fold rising around the body from lliE 
upper layer of the germ, ao bs to present, in a longitudinal section, 
two prominent walla, (Fig. 12i, xx.) Theae walls, converging from 
all sides upwards, rla i gradually till tlicy mute abuve the middle of 
the back, (Fig. 125.) When the junction ia effected, which in the 
hen'a egg takes place in the course of the fourth day, a cavity ia 
formed between the back of the embryo (Fig. 126, a) and the new 
membrane, whose walls era called the amiiioa. This cavity becomes 
BUed with a peculiar liquid, the amniotic water. 

315 0. Soon afier the embryo has been enclosed in the amnios, a 
ahsUow pouch forms from the mucous layer, below the posterior ex- 
tremity of the embryo, between the toil and the vitelline mass. This 
poueh, at first a simple little sinus, (Fig. 125, a,) grows Inrger and 
larger, till it forms an extensive sao, the allanloia, turning backwards 
and upwards, so as completely to separate the two plates of the am= 
alos, (Fig. 136, 0,) and finally enoloaing flie whole embryo, witlj its 




Fig. 135. 
amnios, in another large sao. The tubular part of this sac, which ia 
aearest the embryo, is at last transformed into the urinary bladder. 
'fhe heart (fi) ie already very large, with mniute arterial threxje 
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iiilo Itie wafer, with the well-protected eggs of birds, and 
still more with the growth of young mammals within the 
body of the mother. 

317. But neither in fishes, oor in reptiles, nor in birds, 
floes the vitelhne membrane, or any other envelope of the egg, 
tiike !ioy part in the growth of the embryo ; while on iho 




passing off from it. At this period thera esist true gills upi 
Eidea of the neck, and a bionchial lespiiilioii goes on 

SlJ d The development of 
mnmmala e\hibits the following 
pevuliaiities Tha eg^ is o^- 
eoedmglv minute almOft micro- 
floopic, although composed oi the 
same essential elements as those 

line membrane, called chorion, in 

this class of animals, is comparatively thicker, (Fig. 127, o,) alwftya 
soft, surrounded by p.eeuliar cells, being a Idnd of albumen. ~ 
chorion soon grows proportionally larger than the vitelline eph 
itself, (Fig. 128, y,) so as no longer to invest it directly, being 
rated from it by an empty space, {k.) The germ ia formed ' 
same position as m the otheri-ia'^Be'' of Vertebrates 
of the vitellus, (.Fig 
129 ;) anii here also 

distinguished, the up 

pec or jeraus layer (s ) , 

and the lower or ma 

™«, layer, (m.) As 

it gradually enlarges, 

the aurfacB of the 

chorion becomes cov 

ered with little fiinge?, whii.h, at a later epoch, will be attached to 

the mother by means of similar Irmges arising Iron- tha walls of 

the matris, oi oigan which contains the embryo 

31fie. The nmbno itsclt undergoes vithm the coocion chingfiS 
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ipa- 
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it the top 
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contrary, in the mammals, the chorion, which correspoidg 
lo the vitelline membrane, is vivified, and finally becomes 
attached to the maternal body, thus establishing a direct con- 
nection between the young and the mothur ; a connection 
ivhich is again renewed in another mode, after birlh, by ihe 
Kdcess of nursing. 



slmUav to those descrifaod in birds i its body and its ra-yaiis ats 
fTOmed in the same ways an amnios encloses it, and aji allaiiWIs 
grows out of the lower extremity of the little animal. As soon as tho 
allantols has sui'roiinded. the embiyo, its blood vessels b«como more 
and more numeroua, so as to extend into the 
fringes of the chorion, (Fig. 131, pe;) while, 
on the other hand, similar vessels &am the 
mother extend into the corresponding 
fringes of the matrix, (p m,) but without 
directly communicating with those of the 
chorisn. These two sorts of fringes soon 
become interwoven, S3 as to fonn an intri- 
cate organ filled with blood, called the pla' Fig, 131. 
eeiila, to which the embryo remains sus- 
pended until birth. 

315/. From the fact above stated, it is clear that there are three 
modifications of embryonic development among vertebrated animals, 
namely, that of fishes and naked reptiles, that of scaly reptiles and 
birds, and that of the mammals, \\'hicli display a gradstion of more and 
more complicated aditptation. J.n fishes and the naked reptiles, the 
germ simply enclosea the yolk, and the embryo rises and grows from 
its upper part. In the scaly reptiles and birds there is, besides, an 
amnios arising ftfom tie peripheric part of the embryo and an allaiitols 
mowing out of ho luwer cavity, both enclosing and proteclinj; ll.e 




HnslcdhyGoOgIC 



)GICAL JMPORTANCt, 



SECTION HL 



ZOOLOGICAL IMFORTAKCE OF KHBRVOLOGr. 

318. As Ft general result of the observations which have 
been trnd3,up to this time, on the embryology of the various 
classes of the Animal Kingdom, especially of the veite 
brates, it may be said, that the organs of the body are suc- 
cessively fcrmed in the order of their organic importance, 
the most essential being always the earliest to appear, fii 
accordance with this law, the organs of vegetative life, the 
intestines and their appurtenances, make their appearance 
subsequently to those of animal life, such as the nei-vous 
system, the skeleton, &c. ; and these, in turn, are preceded 
by the more general phenomena belonging to the animal as 
such. 

319. Thus we have seen that, in the fish, the first changes 
re^le to the segmentation of the yolk and the formation of 
the germ, which is a process common to all classes of ani- 
mals. It is not until a subsequent period that we trace the 
dorsal furrow, which indicates that the formiiig animal will 
have a double cavity, and consequendy belong to the dnlsioo 
of the vertebrates; an indication afterwards fully confirmed 
by the successive appearance of the brain and the organs 
of sense. Later still, the intestine is formed, the limbs be. 
come evident, and (he organs of respiration acquire their 
definite form, thus enabling us to distinguish' with certainty 
ihe class to which the animal belongs. Finally, after the 
egg is hatched, the peculiarities of the teeth, and the shape 
of the extremic es, mark the genus and species, 

330. Hence the embryos of ditferent animals resemble 
each ulner more strongly when e.xamincd in the earlief 
stages tf thei r growth We havo already slated that, during 
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almost the whole period of embrj'onic life, the young fish 
and the young frog scarcely differ at all, (313 ;) so it is also 
with the young snake compared with the embryo bird. Tlio 
embryo of the crab, again, is scarcely to be distinguished 
from that of the iosect ; and if we go still further back in 
the history of development, we come to a period when n3 
appreciable difference whatever is to be discovered between 
the embryos of the various departments. The embryo of 
the snail, when the germ begins to show itself, is nearly the 
same as that of a fish or a cmb. All that can be predicted 
at this period is, that the germ which is unfolding itself 
will become an animal ; the class and the group are not yet 
in di cited 

321 After this account of the history of the development 
of the egg tne importance of Embiyology to the study of 
sjstemat c Zooloay cannot be questioned. For evidently, if 
the foimition of the oigans in the embryo takes place in an 
Older corresponding to their impoit'»nce this succession must 
of Itself furnish a cnterion of their lelative value in classifi- 
cition Thus, those peculiarities that tirst appear should be 
considered of highei \alue than those that appear later. In 
[Ins respect, the division of the Animal Kingdom into four 
types, the Vertebrates, the Articulates, the IMolliisks, and the 
Radiates, corresponds perfectly with the gradations displayed 
kf Embryology. 

323. This classiflcat on a& ha& been alre'\dy shown, (61,) 
is founded essentially on ho o ga s f in nal I fe, the ner- 
vous system and the parts belo ging thereto as found in the 
perfect animal. Now, t lesul s from the above account, 
that in most animals the orgino of ai mal I fe aie precisely 
those that ai-c earliest fori ed n the en b yo v! ereas those 
of vegetative life, on vl cl is fo nted tie division into 
classes, orders, and fam I es s ch is tl e hea t the respiratoi^;' 
apparatus, and ihe jaws, are not distinctly foimed until nfte^ 
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324. The type of Vertebrates, having two cavities, one 
above the other, the former destined to receive the nervous 
syatem, and the latter, which is of a larger size, for the intes- 
tines, is represented fay a double crescent united at the cen- 
tre, and closing above, as vfell as below. 

325. The type of Artie ulata, having but one cavity, grow- 
ing from below upwards, and the nervous system forming 
a series of ganglions, placed below the intestine, is repre- 
sented by a single crescent, with the horns diiected up- 

326. The type of Mollusks having also but one cavity, the 
Dci'vous system being a simple ring around the cesophagus, 
with ganglions above and below, from which threads go off 
to all parts, is represented by a single crescent with the 
horns turned downwards, 

327. Finally, the type of Hadiata, the radmling form of 
which is seen even in the youngest individuals, is represented 
by a star. 
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PECULIAR MODES OF RErilODtTOTIOK. 



GEMWIPARODS AND FTSSIPASOUS 

328. We have shown in the preceding chapter, that ovula- 
tion, and the development of embi^os from eggs, is cominon 
to all classes of animals, and must be considc led as llie g eal 
process for the reproduction of species. Two other modes 
of propagation, applying, however, to only a hnii ed number 
of animals, remain to be meanone^, Darnel}, gpn^upatoii^ 
reproduction, or miildplicatioii by meaas of buds itid (iis p 
arous reproduction, or propagation by division, and also 
some still more extraordinary modifications yet involved in 
much obscurity. 

329. Reproduction by huds occurs among the polyps, me- 

dusEe, and some of the infusoria. On the stalk, 
or even on the .body of the Hydra, (Fig. 132,) 
and of many infusoria, there are formed 
buds, like those of plants. On close exam- 
ination ihoy are found to be young animats 
at first very imperfectly formed, and commu- 
nicating at the base with the parent body, 
ftom which they derive their nourishment. By 
"""■ '"" degrees, the animal is developed; in most 

Bs, the tube by which il is connected with the parent 
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wilhers away, and the animal is thus detached and becomes 
independent. Others remain through life united to the parent 
stalk, and, in this respect, present a more striking analogy to 
the buds of plant?. But in the polyps, as in trees, budding 
is only an accessory mode of reproduction, which pre- 
supposes a trunk already existing, originally the product of 
ovulation. 

330. Reproduction by division, ot fissiparous reproduction 
is still more extraordinary ; it lakes place only in polyps and 
some infusoria. A cleft or fissure at si 
takes place, very slight at first, 
but constantly increasing in 
depth, so as to become t 
furrow, like that observed in the 
yolk, at the beginningof embry- 
onic development ; at the same 
time the contained organs are di- 
vided and become double, and thus two individuals are formed 
of one, so similar to each other that it is impossible to say which 
IS the parent and which the offspring. /The division takes place 
sometimes vertically, as, for example, in Vorlicella, (Fig. 
133,) and in some Polyps, (Fig. 134,) and sometimes trans- 




Fig. 133. 




versely. In some Iniusoria, the Paramecia, for instance, 
this division occurs as often as three or four times in a day. 
331. In consequence of this same faculty, many animals 
are able to reproduce various parts of their bodies when 
accidentally lost. -It is well known thai crabs and spidere, 
on losing a limb, acquire a new one. The same happens 
with t le arms of the atar-flshos. The tail of a lizard is also 
14 
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teadily rn|)roi!ucetl. Salamanders even po iscss ttie facu ty 
of reproducing parts of the Siead, including the eye with all 
il3 complicated structure. Something similar lakes place in 
ouv own bodies, when a new skin is formed over a wound 
or when a broken bone is reunited. 

332. In some of the lower animals, this power of repara- 
lion is carried much farther, and applies to the whole body, 
BO as closely to imitate Sssiparous reproduction. If an earth- 
worm, or a fresh-water polyp, be divided into several pieces, 
the injury is soon repaired, each fragment speedily becoming 
a perfect animal. Something like this reparative faculty is 
seen in the vegetable kingdom, as well as the animal. A 
willow branch, planted in a moist soil, throws out roots below 
and branches above; and thus, after a lime, assumes the 
shape of a perfect tree. 

333. These various modes of reproduction do not esehide 
each other. All animals which propagate by gemmiparous 
or fissiparous reproduction also lay eggs. Thus the fresh- 
water polyps (Hydi'a) propagate both by eggs and by buds. 
In Vorlicella, according to Ehrenberg, all three modes arc 
found; it is propagated ,hy .eggs,.by buds, and by division. 
Ovulation, however, is the most common mode of reproduc- 
tion , the other modes, and also alternate reproduction, are 
only additional means employed by Nature to sec.ire the per- 
lietuation of the species. 



SECTION n. 

ALTEHKATE AKD EQUIVOCAL EEPEODtTCTION. 

334. It is a matter of common observation, that individuals 
of the same species have the same general appearance, ijy 
wh'ch theii peciliar organization is indicflted. The trani 
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mistjion of ihese c ha rac lens tics, from one generation lo the 
next, is justly considered as one of tlie great laws of the 
Animal and yegetiihle Kingdoms. It is, indeed, one of the 
points on which the definition of species is generally founded. 
We would, however, unhesitatingly adopt the new definition 
of Dr. S. G. Morton, who defines species to be " primordial 
organic forms." 

335. But it does not follow that animals must resemble 
tlieir parents in every condition, and at every epocli of their 
existence. On the contrary, as we have seen, this resem- 
blance is very faint, in most species, at birth ; and some, 
Bucb as the caterpillnv and the tadpole, undergo com- 
plete melamoi'phoses before attaining their final shape as the 
butterfly and frog. Nevertheless, we do not hesitate to refer 

calerpilli 

336. 
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he mouth, (m,) h'>« 




Thei 



liividuaK Ihii' 



IS jomed m floating colonies producp eggs \ 
il theie IS generaKy but one egg fuimed, 
which is developed in the body of the parent, and from 
which is hatched a little moUusk, (Fig. 136,) which remains 
solitary, and differs in many respects from the parent. This 
little animal, on the other hand, does not produce eggs, but 
propagates by a kind of budding, which gives rise to chains 
already seen within the body of their parent, (a,) and these 
again bring forth solitary individuals, &c. 

836. In some parasitic worms, alternate generation is 
accompanied by still more extraordinary phenomena, as ia 
shown by the lafe discoveries of the Danish liatnralist, Steen- 
strup. Among the numerous animals which inhabit stagnant 
pools, in which fresh-water shells, particularly Lytnnea and 
Pakidina, are found, there ia a small worm, 
know to naturalists under the name of Cer- 
caria, (Fig. 137.) When examined with 
a lens, it looks much like a tadpole, with a 
long tail, a triangular head, and a large 
Bucker (a) in the middle of the body. Va- 
rious viscera appear within, and, among 
others, a very distinct forked cord, (c,) 
which embraces the sucker, and which la 
thought to be the liver. 

339. If we watch these worms, which 

ahviiys aboimd in company with the sheila 

e find them after a whde attaching themselves, 

ir sucker, to the bodiesof [homolliisks. When 
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Sxid they s n undeigo con= ^e alle allcia oi 
which was pieviously employed fo locomotion, 
less, falls ofi and the an mal su roui ds tse f »i 
substance, in \\\ ch it lemins neirh motionless 
hke the cateipillar on its transfoi mation into the 
Pupa. If, however, after some time, we remove 
the little animal from its retreat, we find it to be 
1K> longer a Cercaria, but an intestinal worm, 
called Disloma, having the shape of Fig. 138, 
witii wo suckers. The Distoma, therefore, is 
only a particular state of the Cercaria, or, rather, 
the Cercaria is only the larva of the Distoma. 

340. What now is flie origin of the Cercaria ? The fol 
lowing are the results of the latest researches on this point, 
At certain periods of the year, we find in the viscera of the 
Limaea (one of the most common fresh-water mollusks) b 
quantity of little worms of an elongated form, 
V ith a well marked head, and two posterior 
projections like limbs, (Fig. 139.) On examin- 
ing these worms attentively, under the micro- 
scope, we discover that (he cavity of their 
body is filled by a mass of other little worms, 
which a practised eye easily recognizes as 
young Cercarise, the tail and the characteristic 
furcated organ (a) within it being distinctly 
140.) These little embryos 
increase in size, distending 
the worm which contains 
them, and which seemingly 
has no other office than to 
protect and forward the dc 
velopment of the young 
Cei^ani. It is, aa it were, 
account, i' has been called the 
14" 



>, {Fig. 




thci 



ing envelop. On this 
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311. When they have reached a certain size, the young 
Cercnrice lea'e the hody of the niii-se, and move freely in 
ihe abJoinina cavity of the mollusks, or escape from it intc 
ihe water, to fix themselves, in their turn, to the body of 
another mollusk, and begin their transformations anew. 
342. But this is not the end of the series. The nui-ses of 
the Ceicmi aie them'ieUe'j the ofisprmg of h tile 
woims of yet inother kind At ceitain seasons, 
tte find m the M=ceii of the LLnmti, woims 
Bomfwhat like the nuife's of Ceicaiia Ln sbipe, 
(Fig 141,) but rathei longer, moie slendei, iiid 
having a much more el >ngated stomach, (s ) 
These worms contain, in the hiiidei piitt of the 
bod^, little embiyos, («,) whirh are the young 
nurses, like Figures 139, 140 This gentntion 
"" "' has leceived the name oi grand nuises 

34^ Supposing these giand nurses to be the immediate 
ofiapnng of the Distoma, (Fig 138,) as is piohable, we have 
ihu*? a quidiiiple seues ot generation Fom genentiona 
and one metimoi phosia are lequired to evoUe the peifect 
animal , in othei woids, the paient finds no lesemblance to 
himself in any of his proijeny, until he pome'i donn to the 
great-giandson 

344 Among the Aphides, oi pi lat lico, the numbei ol 
generations is still gieatei The first generation, which is 
produced from esgs, soon undeigoes molamorphoses, acd 
then gi\es buth to a second geneialion, vthich is foUowed by 
a third, nnd so on , so thnt it is sometimes the eigiith of 
ninth geneiation befoie the peifect animals appeal a', imles 
^nd females, the sexea being then foi the first time distinct, 
\\\d the males piovided with winEjs The femalea Ia\ eggs, 
which are hatched the following ^ear, to lepeaf the same 
WLcesbion Ea(,h geupiati n is an additional step towaids 
the prefect sfata ; and, as each member ol the succe sioo ij 
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an iiicom|jlete animal, we cannot better explain their office, 
than by considering them analogous to the larvs of the 
IJercaria, that is, as nurses* 

345. The development of the MedusEe is not less inslnic- 
tive. According to the observat ons of Sare, a Norwegian 
natiu'i\list, the Medusa brings forth living young, which, 
after having burst the covering of the egg, swim about 
freely for some time in the body of the mother. When 
born, thes^ animals have no resemblance whatever to the 
perfect Metiusa. They are little cylindrical bodies, (Fig. 
142, a,) much resembling infusoria, and, like them, covered 
with minute cilia, by means of which they swim with mucli 
activity. 

346. After swimming about freely in the wafer for some 
days, the little animai fixes itself by one extremity, (Fig. 
142, e.) At the opposite extremity a depression b gradu- 

" There is a oertiuQ aiiiilogy between the larrfB of the plant-louso 
(Apfais) and the neuters or working ants and bees. This analogy has 
given rise to various speculations, and, among others, to the following 
theory, which is not without interest. The end and aim of all alternate 
Beneration, it is said, is to favor the development of the apeoiea in its 
progress towards the perfect state. Among the plant-lice, as among all 
the nurses, this end is accomplished by means of the body of the nurse. 
Now. a similar end is accomplished by the working ants and bees, only, 
instead of being performed as an organic function, it is turned into an 
oativard activity, which makes them instinctively watch over the new gen- 
eration, nurse and take care of it. It is no longer the body of tbeniirae, 
but its own instincts, which. Ijeeome the instrument of the development. 
This seems to receive confinnation from the fact that the working bees, 
like the plant-Hoe, are barren females. The attributes of their sex, in 
both, eeem to consist only in their solicitude for the welfare of the new 
generation, of which they aie the natural guardians, but not the parents. 
rUe task of bringing forth young is confided to other individuals, si the 
iv.een among the bees, and to tlie female of the-last generation among 
the plant-lice. Thus the barrenness of the working bees, which seema 
an anomaly as long as we consider them complete animals, receives 
1 very natural explanation so Boon as ire look upon thein merely a.3 
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ally Ibmied the f ui coiikjis (I f) become nki^iii 
by degrees, tire tnnsloimed intu lenticles, (t ) 



& 




/ 1 r,^ 11' 

tentacles rapidlj multipH, until the whole of the uppei 
maigin la coveted with them, (g ) Then tnnsieist 
wrinkles aie seen on the body, it regular distinces, ip- 
peaiing first aboie and e\Ienditig downwards Those 
urinkles, which are at firat leiy shght, giow deeper and 
deepci, and, at tht same lime, the edge of each segment 
beg ns to be scriaied, bo ih it the ammil piesents tlie ap- 
peifcince of a pmo cone, auimounted by a tuft of tentacles, 
(A,) whence tho namp of Siiobila, which was originally 
given to it, befoie it was known to be only a transient state 
of the jelly-fisb. The sepirotion constantly goes on, until at 
last the divisions aie united by only a lery blendei d\i"., luil 
re'femble a pile of cups placed within eich other, (i ) 
The d s a e n dy f pa -at n ; the upper ring 

fi 8 d f,a ts If and tb n the oth s in succession," 
Ea h nt (d) 1 t d olopment by itsi.-'f, 

u 1 be jl M d a (i ) while, according 

o t h b b i II 'emains and pro- 

347. It is thus, by a series of metamorphoses, thai the 
little animal which, on leaving the egg, has the form of Ihe 
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'■lightest [esemDim a o the adult poljp ia in thp vo Jug 

Mfdii'.a tlie hody is tyhndncal, covpi d w lb 

del c ate ciha. After h«ning lemained fiee foE 

&om§ f me, the jo iig <ia mal fixe'J ilself and qb 

Bumes 1 flattened foim Bj di giees a htlle ewoll 

,,|, in^ rises fium the centre, which elongates, and ■\l 

s/ last foima a stalk This stalk iimifies, and ne 

Tig 144 aooa lecogmze in it the animal of figure 143 

with the thiee knds of bids, whieh we may 

cons der is three distinct Jorms of the same an mal 

J50 The development of Campanulai a piesents, in 
some lespecta an analogy to i\hat takes place m the le 
f loduction of plants, and especally of tiees Thej should 
be consideied as gioup& of md vid als and not as single 
individuals The seed, Hindi coiieaponds to tie embiyo 
of tie H^dioid, puti foilh a little stalk This stalk soon 
lamiHes bj gemmipaious leproduction, that is, by Ihiowmg 
out budi which become blanches But ovulation, or itpro 
ductioii by means of seeJs Iocs not ake place until an ad- 
vanced period, a d equ es 1 he ee should have attained 
a considerable g ow h I he p oduces flowers with pistils 
and stamens, that s ales and fe ales, which are com- 
monly united in one fl e b 1 cl n some instances are 
separated, as in I e I cl or es 1 e elde he willows, &c.* 

* Several plants are endowed with oi^ane similar to the third foim of 
buds, Bs seen in Che Campanularia ; for example, the liverwort, (_Marchan- 
tia ^lyrtioi-pha,) «]iich has at the base of the oup a little leceptaole, from 
the bottom of which little dbk-like bodies are conataiilly forming, which, 
when detached, send out roots, and gradually become complete individu° 
als. Besides that, we Und in these animals, as in plants, the important 
peculiaril;)', that all the individuals are united in a common trunk, which 
is attached to the soil ; and that all are intimately dependent on each 
other, as long as they remain united. And if we oompare, in this point 
of vieir, the various species in which alternate repraduction has been 
observed, ive find that the progress displayed in each type consists pi-e- 
ciselj in the ii-ciKiising freedom of tho individual in its various forms. AS 
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SECTION lit 

0ONSEQ7EKCES OF ALTEBKATE eEWKEATION, 

351. Tliese various examples of alternate genoratii 
dcr it evident tliat ttis phen me on uht not lo tie 
ered as an a m N aa 

velopment, 1 g 

liighest degr h ai is 

Moreover, it 

brofp-l anim V 

unknown. m 

animals is so m 

higher types 

independenc m 

that, instead 
the phases o 

they must e m as 

alternate ge m 

a sort of sec 

S52. Man g d sc 

reproduction m T 

that lead to m 

species. N 



lower Polyps 

Hj-dtoid Foljp 

some of the i ea rm 

enclosed vithi ta ed 

of the grand-BursB, while the complete Disloma lives ae a parasitic woim 

ta the body of other animals, oc even swims freely abont in the latva 

Biate, 83 Cercavia. Finally, in the Plant-lioe, all the generntiocs, the 

DUiec9 as veil as the perfeet animals, are separate individuals. 
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animal. Thus, in the CercaMa,\ie ha^e seen in tnimil pre 
duced from a nuise aflerwaids tiinsfoimed intc a Di^lonii, 
by undergoing a ipgulir metamorphosis 

353. In each new genention, as in eich new rnelamoi 
phosis, a real piogiess la made, and the toim which ir suits 
is more perfect than its piedecfs^or The nuise tliat pio- 
ducea the Cercaria is manifestly an inferior state, jiiat aa the 
chrysalis is inferior to the butterfly. 

354. But there ia this essential difference between the 
metamorphoses of the caterpillar and alternate reproduction, 
that, in the former case, the same individual passes through 
all the phases of development ; whereas, in the latter, the 
individual disappears, and makes way for another, which 
carries out what its predecessors had begun. It would give 
a correct idea of this difference to suppose that the tadpole, 
instead of being itself transformed into a frog, should die, 
having first brought forth young frogs ; or that the chrysalis 
should, in the same way, produce young butterflies. In 
either case, the young would still belong to the same species, 
but the cycle of development, instead of being accomplished 
in a single individual, would involve two or more acts of 



355. It follows, therefore, that the general practice of de- 
riving the character of a species from the sexual forms alone, 
namely, the male and the female, is not applicable lo all 
classes of animals ; since there are large numbers whose 
vaiioua phases are represented by distinct individuals, en- 
dowed with peculiarities of their own. Thus, while in the 
stag the species is represented by two individuals only, stag 
and hind, the Medusa, on the other hand, is represented 
under the form of three different types of animals ; the first 
is free, like the Infusoria, the second is fixed on a sialk, like 
a polyp, and the third again is free, consisting in its turn 
n£ male and female. In the Distoma, also, there are four 
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separate individuals, the grand-nurse, the nurse, the lavva or 
Gercaria, and the Distoma, in which the sexes are not sepa- 
rate. Among the Aphides, the number is much greater 
still. 

356. The study of alternate generation, besides making 
IIS better acquainted with the organization of the lower ani- 
mals, greatly simplifies our nomenclature. Thus, in future, 
instead of enumerating the Distoma and the Cercaria, or the 
Strobila, 'he Ephyra, and the Medusa, as distitict animals, 
belonging to different classes and families, only the name 
first given to one of tliese forms will be retained, and the 
rest be Etcuck from the pages of Zoology, as representing 
only the transitory phases of the same species. 

357. Alternate generation always presupposes several 
modes of reproduction, of which the primary is invariably 
by ovulation. Thus, we have seen that the Polyps, ibe 
Medusa, ihe Salpa, &c., produce eggs, which are generally 
hatched withiri the mother. The subsequent generation, on. 
ihe contrary, is produced in a different manner, os we have 
shown in the preceding paragraphs ; as among the Medusce, 
by transverse division ; among the Polyps and Salpse, by 
buds, &c. 

358. The subsequent generations are, moreover, not to be 
regarded in the same tight as those which first spring directly 
from eggs. In fact,, they are rather phases of development, 
than generations properly so called ; they are either without 
sex, or females whose sex is imperfectly developed. The 
nurses of the Distoma, the Medusa, and the Campanularia, 
are barren, and have none of the attributes of maternity, 
i^xcept that of watching over the development of the species, 
being themselves incapable of priducing young. 

359. Another important result follows from the above ob- 
servations namely, that the differences between animals 
which are produced hy alternate generation are less, the 

15 
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earlier ihe epoch -xt which we es.itnine thein NotHoam 
mals can be moie unl ke th'sn an adull Melii^j. (Fi^ 31 
and an idult Campinuldria (Fig 143,) they eien seoni to 
belong to d ffeient oKsses of the Animal kingdom, the for 
raer be ig considuied as in Acaleph, the latter as a Polyp 
On tbp other liind, if we conpare Ihem when Gi3' hatchod 
fiom the egg thej ippeas &o much alike thil it is with ihe 
grfitesl difficulty they cin be distinguished They are 
then htile Iniusoiia, without any ^Cly di^tinU shape, ana 
moving with the gieatest fipedom The hrvfe of certain 
intestiml woima though they b^'long to a diBerent depjit- 
metit, hivp neaily the same foim at one peiiod of their (ife 
Faither "itll, this re'^embl nice eMenda to plants The 
spores of ceitiin sea weeds have neaily the same appeii 
ance as the voung Polyp, or the young MedusT , and whai 
is yet more lemirkable, they are also furnished wilh cllin 
ind mo\o about m a similar manner But this is only s 
transient slate Like the young Campanulai la and the j oiing 
Meduai, the spoie of the sea weed is free for oiil/ ■» shrii 
time, soon it becomes fixed, and ftom that moment the 

3 A ! m m 
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skin and th« viscera of molluEl.s, 
(339, 343,) to understand how 
admission may he gained to the 
most inaccessible parts. Such be- 
ings oceut even ia the eye of many Fig 14j Tii?. Hb. 
animals, especially of flshei 5 lliey 

are numerous in the eye of the common ftesh-water pei-cb 
of Europe. To the naked eye they seem like little white 
spots, (Fig. 145 ;) but when magmfied, Ihey ha^e the form 
of Fig. 146. 

362. As to the larger intestinal wormi found m other 
animals, the mystery of their oiigm has been entiiely solved 
by recent resoarchee. A single instance inl! illustrate theis 
hbtory. At certain periods of the year, the Sculpins of the 
Ualtic are infested by a particular species of Tffima or tape- 
worm, from which they are free at other seasons. Mr. Esch. 
ficht found that, at certain seasons, the worms lose a gicai 
[lortioB of tiie long chain of rings of whicb they are com- 
posed. On a careful exii mi nation, he found that each ting 
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conlained seve 

their envelop, 

inerable, it is 

sionall^ swallo m 

being thus int 

dilions favorab 

IS propagated, m 

generation of 

arv all owed are 

363. All an m h 

food, and in t i 

[Mirasitea, any 
animal favomb 
tbat each anim ff 
licular species 



of them, the R 

an inch in di m 

Assiduous obs rv 
moreover, hav 
the young ani 
increasing in s 
been able, in s m 
and sixth gene 

865. This 
suppose Ibat t 



• In this connection, it ought to be remembered that a large proportl 
of the so-called InfusoriBare not independent animals, but imniati 
E[Oniia, belonging to different classes of the Animal Kingdom, and ll 
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ja assigii 10 them a spontaneoHs origin altogether incompad- 
dIo with what we know of organic development. Their 
rapid appearance is not at alt astonishing, when we reflect 
ihat some mushrooms attain a considerable size in a few 
hours, but yet pass through all the phases of regular growtli ; 
aad, indeed, since we have ascertained the diflerent modes of 
generation among the lower animals, no substantia! difficul- 
ties to tlie ax'om " omne vivum sx nvo,'''' (S?.*!,) any longiji' 

15 » 
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aiBTAMOItP .I08E8 OF ANIMALS. 

3(56. Under the name of melaniorphoses are included 
lliose changes which the body of an animal undergoes after 
its birth, and which are modifications, in various degrees, of 
ita organization, form, and its mode of life. Such changes 
are not peculiar to certain classes, as has been so long sup- 
posed, but are common to all animals, without exception. 

367. Vegetables also undergo metamorphose 8, but with 
this essential difference, that in vegetables Ihe process con- 
sists in an addition of new parts to the old ones. A successiop 
of leaves, diffenng hnm those wh ch preceded them oomes 
on each season new branches aid loots aie added to the 
old stem, and moody lajeis to the tiunk In animila the 
whole body is ti'insfoimed m euoh a mannei that all the 
existing parts contiibiite to the foimafion of the modified 
body. The cbrvsilis becomes a butteifl) the fiog ifter 
having been heibvorous d rmg its tidpole stite, beccmes 
carnivorous, aid its itomdLh ii adapted to this new mode of 
life; at the same time, initead of breath ng by gills, it be- 
comes an air breath 3ig in mal its tad and the gdls disap 
pear; lungs md legs tie being developed, and, finally, it ig 

368 The nalure, the duiation, and importance of meta- 
morphoses, as iIbo the epooh at which thev take place, are 
infinitely varied The most blnlvingchanKf^^ which naturallv 
present themselves to the mind when we speak of metumoi 
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piloses, are those occurring in insects. ~Not merely is iliere 
a change of physiognomy and form observable, or an orgac: 
more or less formed, but their whole organization is modified. 
The animal enters into new relations with the external world, 
while, at the same time, new instincts are imparted to it. [t 
has lived in water, .and respired by gills ; it is now fuvnJshed 
with air-tubes, and breathes in the atmosphere. It passes by, 
with indifference, objects which before were attractive, and 
its n;iw instincts prompt it to seek conditions which would 
have been most pernicious during its former period of life. 
All tbese changes are brought about without destroying the 
individuality of the animal. The mosquito, which lo-day 
haunts us with its shrill trumpet, and pierces us for our 
bloods is the same animal that, a few days ago, lived obscure 
and unregarded in stagnant water, under the guiso of a little 

369, Everyone is familiar with the metamorphoses of the 
silk-worm. On escaping from the egg, the little worm or 
caterpillar grows with great rapidity for twenty days, when 
■t ceases to feed, spins its silken cocoon, casts its skin, and 
remains enclosed in its chrysalis state.* During this period 
of its existence, most extraordinary changes take place. The 
jaws with which it masticated mulberry leaves are trans- 
formed into a coiled tongue ; the spinning organs are reduced , 
the g llet 8 lengthened and more slender; the stoma.ch, 

vh ch afl nearly as long as the' body, is now contracted into 
a ho I bag the intestine, on the contrary becomes elon- 
gated an 1 na 'ow. The dorsal vessel is shortened. The 
gang! ons of the thoracic region approach each other, and 

n e nto s gle mass. Antenna! and palpi are developed on 
Ihc head, and instead of simple eyes appear compound ones. 
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The muscles, which before were uniformly distributed, (159,1 
are now gathered into masses. The limbs are elongated, 
and wings spring forth from ihe thorax. More active motions 
ihea reappear in the digestive organs, and the animal, burst- 
ing the envelop of its chi-ysalis, issues in the form of a winged 

370 The different external foi-ms which an insect may 
assume is well illustrated by one which is unfortunately too 
weli known in this countiy, namely, the canker-worm. Its 
oggs are laid on posts and fences, or upon the branches of our 
apple-trees, elms, and other trees. They are hatched about 
the time the lender leaves of these trees begin to unfold. 




Tne catorpiUir (a) feeds on the Icaies, and atnms its full 
growth at the end of about four weeks bemg then not quite 
an mcb in length It then de-^cends to the ground, and en- 
(ers the eatth to the depth of four or fiie inches, and having 
excavated a soit of cell, is ooon changed mto a chi-yiahs oi 
n\mph, (S ) At the usu-*! time in the spimg, it buists the 
MKin, and appears in its pciltct state, undei the form of a 
moth ((Z ) In this species however only the male has 
Wingd The perfect insects soon pair the female (r) ciawla 
np a tree, and, having deposited her eggs, dies. 

3? J. Ti ansformalions no less remarkable are observed 
among the Crustacea. The metamorphoses in the family of 
Cirrhipedes are especially striking. !t is now known that 
the barnacles, y^Balanus,) which have been arranged among 
the mollusks, are truly crustaceans 5 and this result of modem 
researches has been deduced in the clearest manner from the 
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sludj of llieii liansljinntiins The fjlluwiu^ flames epi 
sent the diffeuut pluses of the duck b-iimcle, (Anatil ) 




Fg 148 



372 The Anatifa, like all Crustacea, is reproduced oy 

eggs, specimpng of "wli ch magn ficd ninety di imetci^ 11 e 

represented in figuie 148, a From these eggs little ani- 
mals issue, which hii\e not the alighlest resemblance to the 
twrent They hive an elongated form, (S,) a piir of ten 
Bcles, and lour legs, with whch they swim fieely m the 
water 

373 Then fieedom, liowe\ei 
The Iiftle animal soon attitchcs 



c!es, having previousK beet 
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as It 1^ lep cstnted in figure 148, f, attdched to piece of 
floating w lod 

374 There is, consequenll) , not onlv a change of urganJ- 
zaiion 111 the couiaeof the metamoiphose^, hot also a change 
of faculliea and mode of hfe The aoimal, at first free, 
becomes fixed , and its adhesion is effe(,ted hy totally 
different oigans af diffeient periods of life, fii^t h} means of 
lentaole^, which weie tempoiary oigans, and ifterwards 
by meina of a fleshy stem deieluped especial y for that 

375 The Radiata also furnish its witli examples of vari- 
ous metaraoiphoses, especially among the stai fishes. A 
small species living on the coast of New England (Ecki' 
nastei sangmnoUnlui) undergoes the following phases, 
(Fy 149) 



Iig 149 

376 [f the eggs aie examined bv the microscope, each 
mi H found to contain a ■^mill, peai shaped body, which 
IS the embi^o, (e ) ■iniiouniioJ by a transparent envelop. 
On escaping fiom the egg, the little animal has an oblong 
form with a constiiction at the base This constriction 
becoming deeper and deepei forms a pedicle, (/>,) which 
soon divides into thiee lobes The disk also assumes a pen- 
tagonal foim, with five double seiies of vesicles The first 
rudiments of the lays are seen to form m the inteiior of the 
pentagon At the same time the peduncle conlracls Blill 
more, hem' at last entnelv absorbed into the cavity of thp 
hfdy, and the anim-il soon acqu les it's final form, (m.) 
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377. Analogous liansfonnalions take 


plai'e in the C( nat- 




ula. In early life 


^^^ \ 




1 (P,R. 150) it ia 


i%, % 




(J fixed to the ground 


%k M^ 




by a stem, but be- W^ 


^^^^^^mo^ 




comes dptached at ^ 


^^^^^L^^ 




a certain e|ioch, M 


^^^^^^feffl^ 




. and thpn floats * 


^W^^.*^^ 




freeLy in the sea, "* 


P % 




(Fig. 151.) On 


Fig. 161. 




the otlier hand, 






the Polypi seem to 


follow a ipverso 


J\JL 


coui-se, many of them 


becoming fixed to 




^ the ground after having been previously 



378. The metamorphoses of moUusks, though !es3 
sinking, are not leis worthy of notice. Thus, the oyster, 
wiih which we are familiar m its adhering shell, is free 
when young, hke the cUm (Mja) and most olher shell- 
fishes. Others, which are at first attached or suspended lo 
the gills of the mother, afterwards become free, a=i the Unio, 
Some naked Gasierapods, the Acleim or the Eolis, for ex- 
ample, are bovn with a shell, which ihuy part with aliortly 
after leaving the egg, 

379. The study of metamorphoses is, therefore, of the 
utmost importance for understanding the real nflinities of 
animals very diflerent tn appearance, as is readily shown by 
ihe following instances. The butterfly and the earth-worm 
^eem, at the first glance, to have no relation whatever. 
They difler in their organization, no less than in their out 
ward appearance. But, on comparing the caterpillar and 
ihe worm, these two animals closely resemble each olhcr. 
The analogy, however, is only transLeni; h lasts only 
lijring the l.irva state of the caterpillar, and is effaced ai 't 
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resolved by an examination of their anatomical structure. 
The Whito-flah has a skeleton, and, moreover, a vertebral 
column, compo-.ed of himlione The Sfcuigcon, (Fi^.152), 




on the contrary, has no bone in the vertebral column, excopi 
the spines or apophyses of the vevtebrffi. The middle pan, 
or body of the vei-tebra, is cHrtilaginous ; the mouth is Iraus- 
veise, and underneaih the head ; and the caadal fin is uii- 
uqually forked, while in the While-fish it is equally forked. 

384. If, however, we observe the young White-fish just 
after it has issued from the egg, (Fig. 193,) the contrast will 
be less striking. At this period the vertebrse are cartiiagi- 
nous, like those of the Sturgeon ; its mouth, also, ia trans- 
verse and inferior, and its tail undivided ; at that period the 
White-fish and the Sturgeon are, therefore, much more alike. 
But this similarity is only transient ; as the White-fish grows, 
its vertebrse become ossified, and its resemblance to the 
Sturgeon is comparatively slight. As the Sturgeon has no 
such transformation of the vertebrEe, and is, in some sense, 
arrested in its development, while the While-fish undergoes 
subsequent transformation, we conclude that, compared with 
[he While-fish, it is really inferior in rank. 

385. This relative inferiority and superiority strikes us 
stilt more when we compare with our most perfect fishes 
(the Salmon, ihe Cod) some of those worm-like animals, so 
diflurent from ordinary fishes that they were formerly placed 
among the worms. The Am- 
phioxus, represented of its nat- 
ural size, (Fig- 15;t,) not only 

16 
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observed, tbey are not less important. To be satisfied tbal 
tbese transformations are in every respect similar to tliose 
whicli follow birth, we have only to compare the clianges 
which immediately precede birth with those which immediate- 
ly follow it, and we shall readily perceive that the latter arc 
simply a continuation of the former, till all are completed. 

388. Let t-B recur lo the developmenl of fisbea for lliis 



HnslcdhyGoOgIC 



METAMORPHOSES OF A.tJMALS. lf^3 

tmilon. The young Wliife-fish, as we liave seen, (315,) is 
fur fVoiin hyving acquired il9 complete development wheo 
bori;. Tlie vertical fins are not yet separate , the mouth has 
not yet its proper position ; tiie yolk, has not yet retreated 
within the cavity of the body, but hangs below the chest in 
the fofm of a large bag. Much, therefore, remains to be 
changed before its development is complete. But the fact 
that it has been born does not prevent its future evolution, 
which goes on without interruption. 



ff 



390. In certain Mammals, known under the name of 
ftlarsupials, (the Opossum and Kangaroo,} the link between 
the transformations which lake place before birth, antl those 
that occur at a later period, is especially remarkable. These 
animals are brought into the world so weaK and undeveloped 
that fliey have to undergo a second gestation, in a pouch with 
which the mother is furnished, and in which the young rcmiiin, 
each one fixed to a teat, until they are entirely developed. 
Even those animEils which are born nearest to ihe complete 
slate, undergo, nevertheless, embryonic transfoimatioris. 
Ruminant* acquire their horns ; and the lion his mane. Mosi 
mnranials, at birth, are destitute of teelhj and incapable of 
using their limbs; and all are dependent on the mother and 
the milk secreted by her, until the stomach is capable of 
disesling other aliments. 
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391. If it be thus siiown that tlie transformafcious 
which take place iii the embryo are of the same iiatnre, 
anci of the same importance, as those which occur after- 
wards, the circumstance that some precede and others 
succeed birth cannot mark any radical distinction be- 
tween them. Both are processes of the life of the indi- 
vidual. Now, as life does not commence .at birth, but 
goes still farther back, it ia quite clear that the modLfl- 
cations which supervene during the former period are 

" essentially the same as, and eontinuong with, the latei 
ones ; and hence, that metamorphoses, far from being 
exceptional in the case of Insects, ai-e one of the gen- 
eral features of the Animal Kingdom. 

392. We are, therefore, perfectly entitled to say that 
all animals, without exception, undergo metaraoqihoseg. 
Were it not so, we should be at a loss to conceive why 
animals of the same division present such wide differ- 
ences ; and that there should be, as in the class of Rep- 
tiles, some families that undergo important metamoi-- 
phoses, (the frogs, for example,) and others in which 
nothing of the bind is observed after birth, (the Lizai-ds 
and Tortoises.) 

393. It is only by connecting the two kinds of trans- 
formations, namely, those which take place before, and 
those after birth, that we ai'e flirnished with the means 
of ascertaining the relative perfection of an animal ; in 
other words, these ti-ansformations become, under such 
circumstances, a natural key to the gradation of types. 
At the same time, they will force upon us the convic- 
tion that there is an immutabie principle presiding over 
all these changes, and regulating them in a peculiar 
manner in each animal. 

394. These considerations are exceedingly impor- 
tant, not only from their bearing upon cla^sihcalion, 
but not less so from the application which may bo 
made of them to the study of fossils. If we exam- 
ine attentively the flahea that have been found in 
the different strata of the earth, wo remark that 
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those of die most ancient deposits Iiave, in general, preserved 
only ihu apopliyses of their verlebrEG, whilst the vortobrte 
then selves are wanting. Were the Sturgeons of the Amer- 
ican rivers to become petrified, they would be found in n 
Bimi.'ar state of preservation. As tbe apophyses are the 
only bony portions of the vertehral column, they alone 
would be preserved. Indeed, fossil Sturgeons are known, 
which are in precisely this condition. 

395. From the fact above stated, we may conclude that 
ihe oldest fossil fishes did not pass through all the metamor- 
phcees which our osseous fishes undergo ; and, consequently, 
that they were inferior to analogous species of the present 
e])och which liave bony vertebra. Similar considei'ations 
apply to the fossil Crustacea and to the fossil Echinoderms, 
when compared with living ones, and will, probably, be 
tiLie of ail classes of theAnimal Kingdom, when fully studied 
as to thair geological succession. 
16* 
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gell)er peculiar, and not found on the nearest conl.nenis, 
Tlicre are numerous animals .n New Holland differing from 
any found on the continent of Asia, or, indeed, on any other 
piirt of ihc earth. If, however, some species inhabiting both 
shores of a sea wliich separates two lerreslria! regions aro 
found to be alike, we are not to conclude that those regions 
have the same Fauna, any more than that the Flora of Lap- 
lund and England are alike, because some of the sea-weeds 
found on both their shores are the same. 

398, There is an evident relation between the fauna of 
any locality and its temperature, although, as wo shall here 
af\er see, similar climates are not always inhabited by similat 
animals, (401, 403.) Hence the faunas of the two hemis- 
pheres have been distributed into three principal divisions., 
namely, the arctic, the temperate, and the tropical faunas ; 
in the same manner as we have arctic, temperate, and ti-opi- 
cal floras. Hence, also, animals dwelling at high elevations 
upon mountains, where the temperature is much reduced 
resemble the animals of colder latitudes, rather than those of 
the surrounding plains. 

399. In some respects, the peculiarities of the fauna of a 
region depend upon its flora, at least so far as land animals 
are concerned ; for herbivorous animals will exist only 
where there Is an adequate supply of vegetable food. But 
taking the lerj'estrial and aquatic animals together, the limi- 
taiion of a fauna is less intimately dependent on climate 
than that of a flora. Plants, in truth, are for the most pari 
terrestrial, (marine plants being relatively very few,) wh'le 
animals are chiefly aquatic. The ocean is the true home of 
the Animal Kingdom ; and while plants, with the excep 
fion of the lichens and mosses, become dwarfed, or perish 
under the influence of severe cold, the sea teems witb 
animals of all classes, far beyond the extreme limit of flower- 
ing plants. 
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401. Under the lorrid zone, the Animal Kingdom, as well 
as the Vegetable, attains ifs highest development. The ani- 
mals of the tropics are not only different from those of the 
temperate zone, but, raoreover, ihey present the greatest 
variety among themselves. The most gracefully propor= 
tioned forms are found by the side of the most grotesque, 
decked with every combinatiou of brilliant coloring. At the 
same time, the contrast between the animals of different con- 
tinents is more marked ; and, in many respects, the animals 
of the different tropical faunas differ not iess from each other 
than from those of the temperate or frozen aonrsi. Thus, 
ihe fauna of Brazil vaiies as much from that of Central 
Africa aa from that of the United Stales. 

402. This diversity upon lifferent continents canfloi de 
pend simply on any influence jf ihe climate of the iropits 
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if it were so miiformily ought to bs restored in proportion 
as we rececl i from llie tropics towards the antarctic lem 
perate regions. Bui, instead of tliis, the diiferences con- 
tinue to increase ; — so much so, that no faunas are more in 
contrast than those of Cape Horn, the Cape of Good Hope, 
and New Holland. Hence, other influences must be in oper- 
ation besides those of climatei — influences of a highet 
orJer, which are involved in a general plan, and intimately 
associated with the development of life on the surface of the 

403. Faunas are more or less distinctly limited, accoi-djng 
to the natui-al features of the earth's surface. Sometimes 
two faunas are separated by an extensive chain of moun 
tains, like the Eocky Mountains. Again, a desert may in- 
tervene, like the desert of Sahara, which separates the fauna 
of Central Africa fiom that of the Atlas and the Moorish 
coast, the latter bemg meielj an appen lage to the fauna 
of Europe But the sea effects the most complete hmita 
Hon The depths of the ocean aie quite as impae&able foi 
marine species as high mountains aie for teireatrial animals 
It would he quite as difficult foi a fish or n mollu=!L 'o 
t of Europe to the const of Ameiic 
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dredging in verj deep water ha;e also t 
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maleiiils found theio fot s isicnance, b ft it 
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America, one species takes tha placeof anolter, a third sJC- 
ceeda the second, and so on, uiiiil finally the fauna is foiiiwi 
to be completely changed, though it is not always possible 
to mark the precise line which divides the one from tlic 
other. 

405. The range of species does not at all depend upo:i 
their powers of locomotion ; if it were so, animals which 
move slowly aad with difficulty would have a narrow range, 
whilst those which are very active would be widely diifused. 
Precisely the reverse of this is ictually the cise The l im 
moa oyster extends at least from the Si Lawience tu the 
Garolinas; its range is consequently very gieat, much moie 
so than that of some of the fleet animals, as foi msfaoce, the 
Moose. It is even probable that Ihe very inability of the 
oyster to tiuvel really contiibutes to its diifusion, inasmuch 
as, having once spread ovei extensive grounds, fheie is no 
chance of its return to a formes limilition, inasmuch as, being 
fixed, and consequently unable to choo'.e positions toi its 
eggs, they must be left to the meicy of cuiients, while 
Fishes, by depositing their eggs in the bays and inlets of the 
shore, undisturbed by currents ind winds, secui'^ them from 
too wide a dispers'o 

406. The nature of tie food has in important beaiing 
upon the grouping of an mals and upon the extent of ihtii 
dietfibution. Car vo oua a lals are generdly less con 
fined in their rai ge tha i 1 erb voious ones , because their 
food is almost eve y wi e e to be found The lierbivora, on 
the contrary, are c; c ed o the moie limiteff' legiona 
coiresponditig to tie d fle en ztnes of vegetation The 
same remark maj be made h resppi-t to Buds Buds of 
prey, such as the eagle anc" vul re, have a mrch wider range 
than the granivorous and gall naceous birds. Still, nolwith- 
standing the fac 1 1 es hey 1 ave for change of place, even 
tile birds t! at wander widest recognize limits which they do 
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not overstep. The Condor of the Cordilleras does not do 
scend into tlie teuipsrate regions of the United Stales ; and yet 
It is not that he fears the cold, since he is frequently known 
to ascend even ahove the highest summits of the Andes, and 
disappears from view where the cold is most 'ntense. Not 
can it be from lack of piey. 

407. Again, the pecidiar configuration of a country soinu- 
times determines a peculiar grouping of animals, into what 
may be called local faunas. Such, for example, are the 
prairies of the West, the Pampas of South America, the 
Stoppes of Asia, the Deserts of Africa; — and, for marine 
an'raals, the basin of the Caspian, In all these localities, 
animals are met with which exist only there, and are not 
found except under those particular conditions. 

408. Finally, to obtain a true picture of the zoological 
distribution of animals, not the terrestrial types alone, but 
the marine species, must also be included. Notwithstanding 
the uniform nature of the watery element, the animals which 
dwell in it are not dispersed at random ; and though the 
limits of the marine may be less easily defined than those of 
the terrestrial faunas, still, marked differences between the 
animals of great basins are not less observable. Properly 
to apprehend how marine animals may be distributed into 
local faunas, it must be remembered that their residence is 
not in the high sea, but along the coasts of continents and 
on soundings. It is on the Banks of Newfoundland, and not 
in the deep sea, that the great cod-fishery is carried on ; and 
it is well knowo that when fishes migrate, fhey run along the 
shores. The range of marine species being, therefore, coii" 
fined to the vicinity of the shores, their distribution must be 
subjected to laws similar to those which regulate the terres- 
trial faunas. As to the fresh-water fishes, not only do the 
species vary in the different zones, but even the different 
rivers of the same region have species peculiar to them, and 
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Dot found in neighboring streams. The garpikea (IiPiii- 
dosteus) of tiie Amei-'can rivers afford a striking example ol 
this kind, 

409. A very influential cause in llie distribution of aquatic 

animals is the depth of the water ; so that several zoological 

zones, receding fi-om the shore, may be defined, according 
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p.R, is the fauna of the great steppe, or plain of Gobi, in 
Asia ; and such indeed that of the chain of the fiocky Moun- 
tains may prove to be, when the animals inhabiting them shall 
b<- bearer known. 
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DJSTRISJUTION OF THE FA'JKAS 

413. We have stated tbat all the faunas of the globe maj 
be Jivided ioto three groups, corresponding to as many groat 
climatal divisions, namely, the glacial or arctic, the temperate 
and the tropical faunas. These three divisions appertain to 



climates are represented upon it as si o vn by tl e chart on the 
following page. 

415. Let a traveller embark at Iccla d h ch is situated 
on the borders of the polar circle v h a ew to observe, 
in a zoological aspect, the piinc [ il po s olo g the eastern 
shore of America. The result of 1 9 observa ion will be 
very much as follows. Along the coast of Greenland and 
Iceland, aud also along Baffin's Bay, he will meet with an 
unvaried fauna, composed throughout of the same animals, 
which are also for the most part identical with those of the 
arctic shores of Europe. It will be nearly the same along 
the coast of Labrador. 

416. As he approaches Newfoundland, he will see the 
landscape, and whh it the fauna, assuming a somewhat more 
varied aspect. To the wide and naked or turfy plains of 
the boreal regions suceec^d foi-eal;;, in which he will find 
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various aoimals which dwell only in forests. Here the tom- 
perate fauna commences. Still the number of species is not 
yet very considerable ; but as he advances southward, along 
the coasts of Nova Scotia and New England, he finds new 
Species gradually intvodiiceil, while those of the colder regions 
diminish, and a', length entirely disappear, some few acci- 
dental or periodical visiiers excepted, who wander, during 
winter, as far south as the Carolinas 

417. But it is after having passed the boundaiies of the 
United States, among the Antilles and more especially on 
the southern continent, along the fhorcs of the Oiinoco and 
the Amazon, that our traveller will he foic bly struck with 
the astonishing variety of the animals which people the for- 
ests, the prairies, the rivers, and the sea-shores, most of which 
he will also find to be different from those of the northern 
continent. By this extraordinary richness of new forms, he 
will become sensible that he is now in the domain of the 
tropical fauna. 

418 Let him still travel on bcvond thp equator towards 



d C p 

419. Finallj, we know that thete is a continent aiound 

the South Pole. Although we have as yet but very imper" 

feet notions respecting the animals of this inhospitable clime 

Still, the few which have already been observed there present 
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a close analogy o hose of he a ctic region. Tt is another 
gaca Taunst name j he an a c e. Having thus sketched 
he ge n d on of e f un a, if remains to point out 

e p pa fea es of e c of hem. 

420 I Abc Fa n — T e predominant feature of the 
A ctic Fa na s ts nn f n j T c species are few iir num- 
be b o e o he 1 number of individuals is 

n en 11 e need o y fe o the clouds of bii'ds which 
} e o on he s ands and s o e of the North ; the shoala 
of fis es e on among o he a, which throng tlie coasts 

of G ee and Ice and a Hudson's Bay. There ia great 

>fo tv a o n he fo n a d color of these animals, Not 
aangebdofb a puna^e is found, and few fishea 
w h V ed ues The f n are regular, and their tints 
ad y a e no he hea e ^ The most conspicuous 
am a e he e be he moose, the reindeer, the 

u o\ e 1 e fox he po -hare, the lemming, and 
va oua Se b he mos mpo ant are the Whales, which, 
it is to be remarked, rank lowest of all the Mammals. 
Among the Birds may be enumerated some sea-eagles and 
a few Waders, while the great majority are aquatic species, 
such as gulls, cormorants, divers, petrels, ducks, geese, gan- 
nets, &c., all belonging to the lowest orders of Birds. Bep- 
tiles are altogether wanting. The Artie ulata a 
by numerous marine worms, and by minute ( 
(he orders Isopoda and Am])hipoda. Insects are rare, and 
of inferior types. Of the type of Mollusks, there are 
Acephala, particularly Tunicata, fewer Gastei-opods, and 
very few Cephalopods. Among the Radiata are a great 
number of jelly-fishes, particularly the Bei-iie ; and to con- 
clude with the Echinoderms, there are several star-iishes 
and EcMni, but few HolothuriEe. The class of Polypi ia 
very scantily represented, and those producing stony corals 
are entirely wanmg. 
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421. This assoniblage of animala U eiidently nfeiioi to 
lliat of other faunas, especially to those of the tropic Nol 
that there is a deficiency of animal life ; for if the &ppc t,g 
nre less numerjus, there is a compeasatioQ in the multitu le 
of individuals, and, also, in this other very significant ficl, 
that the largest of all animals, the whale- beloflg to this 
fdtiDa. 

423. It has already been said, (400,) that the aict c fnuna 
of the three continents is the same ; its southern limit how 
ever, is not a regular line. It does not correspond piecisely 
with the polar circle, but rather to the isothermal zero thai 
is, tho lino where the average temperature of the year is at 
32° of Fahrenheit, The course of this line presents ni-mer- 
ous undulations. In general, it may be said to coincide with 
the northern limit of trees, so that it terminates where forest 
vegetation succeeds the vast arid plains, the barrens of Noilh 
America, or the tundras of the Samoyedes. The uniformity 
of these plains involves a corresponding uniformity of plants 
and animals. On the North American continent it extends 
much farther southward on the eastern shore than on the 
western. From the peninsula of Alashka, it bends north- 
wards towards the Mackenzie, then descends again towards 
the Bear Lake, and comes down nearly to the northern shore 
of Newfoundland. 

433, I!. Temfekate Faunas. — The faunas of the tem- 
pe ate reg o s of the nor I e □ 1 em sphe e a e n cl o -e 
var cd than t! at ot ho arc c z nt, I s e 1 of co s st ig 
ma ly of aqua c bes e 1 avc i o lerabli- u nbe of 
terrestr al an nals of gracet I fo a a ed api ea a ce, 
and var ed colors tl o gl [es« btllait tl an 1 se found n 
trop cal reg o s Tl o^ie ptr a of the co ntry covered v th 
fore=ts espec all} swai n w tl nsec s vl ch becone the food 
ofoherin ris wo osand ter'estnal a d flu anle mol- 
usks are al o \h nda»t 
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States this coincidence is not so marked as in other regions, 
ina&much as Ihe pines along the Atlantic coast extend into 
Florida, while they do not prevail in the Western States j 
but we may consider aa belonging to the southern portion 
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of Ihc. temperate region that part of the country south of 
the la itude where the Palmetto or Cabbage-tree ( Ckantterops) 
commences, namely, all the Stales to fhe south of North 
Carolina ; while the Stales to the north of this limit belong 
to the northern portion of tlie temperate region. 

427. This division into two zones is supported by obser- 
vations made on the maritime faunas of the Ailontic coast 
Tlio line of separation between them, however, being influ 
enoecl by the Gulf Stream, is considerably farther to the 
north, namely, at Cape Cod ; although there is also another 
decided limitation of the marine animals at a point nearly 
coinciding with the line of demarkalion above mentioned, 
namely, at Cape Hatteras. It has been observed that of 
one hundred and ninety-seven Mollusks inhabiting the coasi 
of New England, fifty do not pass to the north ofCupeCod, 

d " V 3 ti d t p t tl th of it ; only sixty- 

f b b h -1 1 he Cape. A similar 

I f 1 f F 1 h been noticed by Dr. 

fc d D H lb x)li 1 f d the Fishes of South 

CI biff f bos f Florida and the West 

Id I E |. ! I p of the temperate re- 

g d ] Pj d I Alps ; and its south- 

p 1 h b fie Mediten-aiiean, to- 

g 1 1 h h I f Af , as far aa the desert 

i S I 

4 8 A p 1 h fie faunas of the tem- 

pe h h i pi ere, when contrasted 

I 1 OS f ! h I g similarity of the pre- 

1 yp bo h N withstanding the im- 

se f b d I same stamp is every 

wh e eih b ted. Generally, the same families, frequently 

1 e sa ne genera, represented by different species, are 

fou d Tl e 'e are even a few species of terrestrial animals 

J, 1 d as identical on the continents of Eurupr and 
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America; bul thcii- supposed number is constantly diinin. 
iBhed,a9 more accurate observations are made. Tbe pre- 
dominant types among the mammals are the bison, deer, ox 
horse, hog, numerous rodents, especially squirrels and hares, 
nearly all tbe inseclivora, weasels, martens, wolves, foxes- 
wildcats, &c. On the other hand, there are no Edentata 
and no Qnadrumana, with tlie exception of some monkfeys, 
on the two slopes of the Atlas and in Japan. Among Birds, 
there is a multitude of climbers, passerine, gallinaceous, and 
many rapacious birds. Of Reptiles, there are lizards and 
tortoises of small or medium size, serpents, and many ba- 
trachians, but no crocodiles. Of fishes, there is the trout 
family, the cyprinoids, the sturgeons, the pikes, the cod, and 
especially tbe great family of Herrings and Scomberoids, fo 
which latter belong tbe mackerel and the tunny. All classes 
of tbe Mollusks are repi'esented ; though the cepi ! p d a 
iess numerous than in the torrid zone. There is a fie 
number of Articulata of every type, as well as num s 
Polyps, though the corals proper do not yet app a ab n 

429. On each of the two continents of Europe d An 
ica there is a certain number of species, which e d f 
one extreme of the temperate zone to the other, $ b f 
example, are the deer, the bison, the cougar, the ft q 

rel, faumerous birds of prey, several tortoises, and h 
snake, in America. In Europe, tbe brown b If 

swallow, and many birds of prey. Some spe I a 
sli!l wider range, like the ermine, which is found from Behr- 
ing's Straits lo the Himalaya Mountains, that is to say, from 
the coldest regions of the arctic zone to the southern confines 
of tiie temperate Koue. It is the same with the muskrat, 
which is found from the mouth of Mackenzie's River lo 
Florid I. Ths field-mouse has an equal range In Europe., 
Other species, on the contra.rj, are limited to one region 
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The Canadian elk is confined lo the northern portion of the 
fauna ; while the prairie wolf, the fox-squirrel, iha BassariS; 
and numerous birds, never leave the southern portion.* 

430. In America, as in the Old World, the temperate 
ffluna is further subdivided into several districts, which may 
be regarded as so many zoological provinces, in each of 
which there is a certain number of animals difleriog from 
fliose in the others, tliough very closely allied. Temperate 
America presents us with a striking example in this respect. 
We have, on the one hand : 

1st. The fauna of the United Slates properly so called, on 
this side of the Rocky Mountains. 

2d. The fauna of Oregon and California, beyond those 
mountains. 

Though there are some animals which traverse the chain 
of the Rocky Mountains, and are found in the prairies of 
the Missouri as well as on the banks of the Columbia, as, 
for example, the Rocky Mountain deer, {Aritilope fwcifer,) 
yet, if we regard the whole assemblage of animals, they are 
found to differ entirely. Thus, the rodents, part of the 
niminantg, the Insects, and all the mollusks, belong to dis- 
tinct species. 

431. The faunas or zoological pi'ovinces of the Old World 
which correspond to these are : 

" The types which nre peculiar to temperate AmericB, and aie not found 
in Europe, ore the Opoaaura, several genera of InseotiTora, among them 
the shrew-mole ('SBaiys ojiioiieifsj and the atar-noae mole, (_Oon^liira 
efwtataj which replaces the Myg^lB of the Old World ; several gcaera 
□f rodents, espeoiuUy the maskrat. Among the types characteristie of 
Amnrica must also be reckoned tiie anapping-turtle among the tortoises ; 
tte Menobranchus and Menopoma, amgng the SaUmandcrB; the Gar- 
pike and Amia among the fishesj and finally, among the Crustaoea, the 
Limulus Among the types nhioh are wanting In tempecate Amerloo, 
andnhich ace found in Europe, maybe cited the horse, the wild boai:, and 
th?lrue moi.se. Ill the species of domeatio mioe which live in America 
tittve been bf lughl from the 013 World 
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1st. The fauaa of Europe, which is veiy closely related to 
that of the United States proper. 



contrasts. Each of the three continental peninsulas which 
jut out southerly into the ocean represents, in some sense, a 
separate world. The animals of South America, beyond the 
tropic of Capricorn, are in all respects different from those 
Bt tlie southern extremity of Africa. The hyenas, wild- 
boars, and rhinoceroses of the Cape of Gojd Hope have no 
analogues on the American continent; and tiie difference is 
equally great between the birds, replies and fishes, insects 
sni mo.iuslis. Among the most characteristic animals of 
the south im extremity of America are peculiar species of 
seals and especially, among aquatic birds, the penguins. 
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433. Neiv Holland, with its marsupial mammals, with 
whicb are associated insects and mollusks no less singulai 
furnishes a fauna still more peculiar, and which lias no sinii 
larity to those of any of the adjacent countries. In the sens 
of thai continent, where every thing is so strange, we find 
the curious shark, with paved teeth and spines on the hack, 
(^CeHraeion PhiKppU,) the only living representative of a 
family so numerous in former zoological ages. But a mosl 
lemarkable feature of this fauna is, that the same types 
prevail over the whole continent, in its temperate aa well as 
its tropical portions, the species only being ditTerent at dif- 
ferent localities. 

434. Tkopical Faunas. — The tropical faunas are dis- 
tinguished, on all tlie continents, by the immense variety of 
animals which they comprise, not less than by the brilliancy 
of their dress. All the principal types of animals are rep- 
resented, and all contain numerous genera and species. 
We need only refer to the tribe of humming-birds, which 
numbers not less than 300 species. It is very important to 
notice, that here are concentrated the most perfect, as well 
as tlie oddest, types of all the classes of the Animal King- 
dom. The tropical region is the only one occupied by the 
Quadrumana, the herbivorous bats, the gi'eat pachydermala, 
such as the elephant, the hippopotamus, and the tapir, and 
the whole family of Edentata. Here aJso are found the 
largest of the cat trihe, the lion and tiger. Amovig the Birds 
we may mention the parrots and toucans, as essentially 
tropical; among the Reptiles, the. largest crocodiles, and 
gigantic tortoises ; and finally, among the articulated animals, 
an immense variety of the most beautiful insects. The 
marme animals, as a whole, nre equally superior to those of 
other regions ; the seas teem with crustaceans and numerous 
cephalopods, together with an infinite variety of gasteropods 
iind acephaia. The Echinoderms there attain a magnitude 
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and variety elsewhai-o unknown ; and lastly, tlie Pn'yps there 
display an activity of which the other zones present no ex- 
ample. Whole groups of islands are surrouaded with coral 
reefs formed by those little animals. 

435. The variety of the tropical fauna is further enriched 
by the circumstance that each continent famishes new and 
peculiar forms. Sometimes whole types are limited to one 
continent, as the sloth, the toucans, and the humming-birds to 
America, the giraffe and hippopotamus to Africa ; and again 
animals of the same group have different characteristics, ac- 
cording as they are found on different continents. Thus, 
the monkeys of America have flat and widely separated 
nostrils, thirty-six teeth, and generally a long, prehensile tail. 
The monkeys of the Old World, on the contrary, have nostrils 
close together, on!y thirty-two teeth, and not one of them has 
at 1 1 tal 
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the tropical part of the American continent, namely ; 

1, The fauna of Brazil, characterized by its gigantic rep- 
tiles, its monkeys, its Edentata, its tapir, its humming-bii^s, 
and its astonishing variety of insects. 
18 
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2. The Taiina of the western slope of the AnJes, com- 
[mshig Chili and Peru ; and distinguislied by its Llamas, 
vicunas, and birds, which differ from those of the basin of 
the Amazon, as also do the insects and mollusks. 

3. The fauna of the Antilles and the Gulf of Mexico. 
This is especially characterized by its marine animals, among 
which the Manatee is particularly remarkable ; an infinite 
variety of singular fishes, embracing a large number of 
Piectognaths ; also Mollusks, and Radiata of peculiar species. 
It is in this zone that the Pentacrimis caj)ut-iiiedus<e is found, 
the only represeDtative, in the existing creation, of a family so 
numerous in ancient epochs, the Crinoidea with a jointed stem. 

The limits of the fauna of Central America cannot yet be 
well defined, from want of sufficient knowledge of the ani- 
mals which inhabit those regions. 

438. The tropica! zone of Africa is distinguished by si 
striking uniformity in the distribution of the animals, which 
corresponds to the uniformity of the structure aod contour 
of ihat continent. Its most characteristic species are spread 
over the whole extent of the tropics : thus, the giraffe is met 
with from Upper Egypt to the Cape of Good Hope. The 
hippopotamus is found at the same lime in the Nile, the 
Niger, and Orange Hiver. This wide range is the more 
significant ^ it also relates to herbivorous animals, and thua 
supposes conditions of vegetation very similar, over wide 
countries. Some forms are, nevertheless, circumscribed 
within narrow districts ; and there are marked differences 
between the animals of the eastern and western shores. 
Among the remarkable species of the African torrid region 
are the baboons, the African elephant, the crocodile of the 
Nile, a vast number of Antelopes, and especially two species 
of Orang-outang, the Chimpanzee and the Engeena, a large 
and remarkable animal, only recently desci'ibecl. The fishes 
of the Nle have a tropical character, as well as the animals 
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of Arabia, which are more allied to tliose of Africa tl in tc 
those of Asia. 

439. The tropical fauna of Asia, comprising the two 
peninsulas of India and the Isles of Sunda, is not less marlted. 
It is the countiy of the gibbons, the red orang, the royal 
tiger, the gavial, and a multitude of peculiar bird? Among 
the fishes, the famdy of Chetodons is moat n ne o Ij 
represented. Here aho are found those ou o s sp ny 
fishes, whose intiicate gdls suggested the name L bj n h c 
by which they are known. Fishes with tufted gills e no e 
numerous here than in other seas. The insects and nol 
luslts are no less strongly characterized. Amoi o he s 
the nautilus, the only living representative of the g ea fa n 
ily of large, chambered-shells which prevailed so x e s ely 
over other types, in former geological ages. 

440. The large Island of Madagascar has p 1 
fauna, characterized by its makis and its curio s o 1 

It is also the habitat of the Aya-aya, Polynesia exclus e 
of New Holland, furnishes a number of very curious an n Is 
which are not found on the Asiatic contlneat, SucI e he 
herbivorous hats, and the G^aleopithecu8 or flying Maki. The 
Galapago islands, only a few hundred miles from the coast 
of Pert], have a fauna exclusively their own, araoag which 
gigantic land -tortoises are particularly characteristic. 

SECTION III 

CONCLUSIOZJS. 

4il. From the survey we have thus mide of the distritiU' 
ti >ii of the Animal Kingdom, it follo^vs 

1st. Eacii grand diMsion of the globe has animals whio.h 
art! cilUer wholly or foi the most piil peculni to it Phoae 
groups of aiiimalF constitute thr fduiia', of diffeient leginns 
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2d. rhc diversity of faunas is not in pTO]ioi'tion (o ti)C 
distnn e which separates them. Very similar fniiiias !kv 
found at great distances apart; as, for example, the fauna 
of Europe and that of ihe Uniled Slates, which yet are 
separatf!d by a wide ocean. Others, on the contrary, difFer 
considerably, though at comparatively short distances ; as 
tlie fauna of the East Indies and the Sunda Islands, and that 
of New Holland ; or the fauna of Labrador and that of New 
England. 

3d. There is a direct relation between the richness of a 
fauna and the climate. The tropical faunas contain a much 
larger cumber of more perfect animals than tliose of the 
temperate and polar regions. 

4fh. There is a no less striking relation between the fauna 
aod flora, the limit of the former being oftentimes deter- 
mined, so far as terrestrial animals are concerned, by the 
extent of the latter. 

442. Animals are endowed with instincts and faculties 
corresponding to the physical character of the countries tliey 
inhabit and which would be of no service to them under 
other ciicumstances The monkey which is a frugivorous 
animal is oiganizpd for luing on the trees from which !ie 
obtains his food The reindeer, on the contrary, whose 
food consists of lichens, lues in cold legions. The latter 
would be quite out of place in the ton id zone, and the mon- 
key wouid peiish with hungei in the pohr regions. Animals 
which store up pioiisions aiP nil pecul ar to temperate or cold 
climates. Their instincts would be uncalled for in tropical 
regions, where the vegetation presents tlio herbivora with nu 
abundant supply of food at all times. 

443. However intimately the climate of a country seems to 
be allied with the peculiar character of its fauna, we are not 
to conclude that the one is the consequence of the othiu 
The differei'ces which are obs5rved between the animals of 
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great stag, the slselefon and horns of which have been found 
buried in the peat-bogs of Ireland. There arc also nianj 
species of unimals whose nunibera are daily diminishing, 
and whose extinction may be foreseen ; as the Canada deer 
{Wapiii,} the Ibex of the Alps, the Lamraergeyer, the 
bison, the beaver, tho wild turkey, &c. 

448. Other causes may also contribute towards dispersing 
animals beyond their natural Umits. Thus, the sea-weeda 
are carried about by marine currents, and are frequently 
met with far from shore, thronged with little crustaceans, 
which are in this manner transported to great distances from 
ihe place of their birth. The drift wood which the Gulf 
Stream floats from the Gulf of Mexico even to the western 
shores of Europe, is frequently perforated by the larvte of 
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DISTRIBUTION OF ANIMALS. 

r -s f 1 e I ed <=?ta 
pacl ba& n 

no ft> nd 1 

e el 8 ound bo ! N w f all animals originated af one 
p , nd f o a a gl ocl , he pickerel must have passed 
from the Delaware to the Hudson, or vice versa, which il 
could only have done by passing along the sea-shore, or by 
,ea]iing over large spaces of terra firma ; that is to say, in 
both cases it would be necessary to do violence to its organi- 
zation. Now, such a supposition is in direct opposition to 
the immutability of the laws of Nature. 

450. We shall hereafter see that the same laws of dlslri- 
bution are not limited to the actual creation only, hat that 
they have also ruled the creations of former geological 
epochs, and that the fossil species have lived and died, moel 
of them, at the place where fheiv remains are found. 

451. Even Man, although a cosmopolite, is subject, in a 
certain sense, io this law of limitation While he is eveiy 
wheie the one identical species, yet se\eral races, marked 
by certain peculiarities of fcaliuc, aie lecognized , such is 
the Cauca^nn, Mongolian, ind Afncan lacrs, of which we 
are hereafter to speak And it is not a little lemirkable, 
that the abiding places of these -e^eial races coriespond 
very neatly with some of the gle^t zoological regions 
Thus we have t noithein i-ace, compi sing the Samojedes 
in Asm, the Laplindeis in Euiope, iiirt the Esquimaux in 
America, coiie=ponding to the aictic fauna, (400,) and, 
like It, identical on the three continents, ha\ ing for it*- 
southern limit the legion of iiees, (422 ) In Africa, we 
liave the Hottentot and Negro races, in the south and central 
portions respectively, wliile the people of northern Africa 
are a lied to their neighbors in Europe; just as we have 
sgeii £0 be the case with the zoological fauna in general 
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;403.) Tbfi inhubilaiits of New Holland, lil« iis animals 
are the most gi-oiesque and uncouth of all races, (433.) 

452. The same parallelism holds goOd elsewhere, though 
noi always in so remarkable a degree. In America, espe- 
cially, while the aboriginal race is as well distinguished from 
other races as is its flora, the minor divisions b 
decided. Indeed, the facilities, or we might : 
rather say necessities, arising from the varied supplies of 
animal and vegetable food in the several regions, might be 
expected to involve, with his corresponding customs and 
modes of life, a difference in the physical constitution of 
man, which would contribute to augment any primeval dif- 
ferences. It could not indeed be expected, that a people 
constanUy subjected to cold, like the people of the Nortli, 
and living almost exclusively on fish, which is not to he 
obtained without great toil and peril, should present the same 
characteristics, either boddy or menla , as those who idly 
regale on the sponfane ms bounties of tropical vegetation 
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QEOLQGICAL SUCCESSION OF ANIMALS; OR, THEIK, 
JDISTEIBUTION IN TIME. 



1 1 m d mils associated with 

h m d 1 y h d f C d " the Lord made 

h d 1 1 d 11 1 in them is;" and 

I ru h fi d J ! 1 of science, which 

q 11yd h d enlions of creative 

P 

454 B m d h m 1 h h now surround him 

h ly k d 11! h d a being. The sur~, 

f pi 1 PI oarance, was not a 

! T d 1 ^1 h crust of the earth, 

m 1 d 1 , which show that 

h I h d b p dly ppl d with, and long in- 

habited by, animals and plants altogether different from those 
n^v/ living. 

455. In general, their hard parts are the only relics of 
them which have been preserved, such as the skeleton and 
teeth of Vertebrates ; the shells of the Molluslcs and Eadiata ; 
(he shields of the Crustaceans, and sometimes the wing-casea 
of Insects. Moat frequently they have lost iheir original 



HnslcdhyGoOgIC 



STIvUCTURB OF THE EARTH S CBUST. 215 

chemical o^mposition, atid are changed into stone ; and 
hence the tiarae of petrifactions av fossils, under which lat- 
ler term ai-e comprehended all the organized uodies of 
former epochs, obtained from the earth's crust. Olhers have 
entirely disappeared, leaving only then' forms ai d sculpture 
impressed upon the rocks. 

456. The study of these remains and of their posilion in 
ihe rocks constitutes Paleortolouy ; one of the most essen- 
tial braoohes of Zoiilogy. Their geological distTubution, or 
ihe order of their successive appearance, namely, the distri- 
bution of animals in time, is of no less importance than the 
geographical distribution of living animals, their distribution 
in space, of which we have treated in the preceding chapter. 
To obtain an idea of the successive creations, and of the stu- 
pendous length of time they have required, it is necessary to 
sketch the principal outlines of Geolugy. 

457. The rocks* which compose the crust of our globe 
are of two kinds : 

1. The Massive Roch, called also Plutonic or Igneous 
Rocks, which he beneath all the othere, or have sometimes 
been forced up through them, from beneath. They wcro 
once in a melteiJ state, like the lava of the present epoch, 

■ and on cooling at the surface formed the original crust of the 
globe, the granite, and later porphyry, basalt, &c, 

2. The Sedimentary or Utratifed Rocks, called also Nep- 
tunic Rocks, which have been deposited in water, in the same 
manner as modern seas and lalies deposit sand and mjd on 
Iheir shores, or at the bottom, 

458. These sediments have been derived partly from Ihe 
disintegration of (he older rocks, and partly from the decay 
of plants and animals. The materials beiog disposed \Vi 
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layers or strata, have become, as they hardened, livneatones, 
slates, marls, or grits, according to their chemical and me- 
chanical composition, and contain the remains of the animals 
and plants which were scattered through ihe waters.* 

459. The differeot strata, when undisturbed, are arranged 
one above the other in a horizontal manner, like the leaves 
of a book, the lowest being the oldest. In consequence of 
tbe commotions which the crust of the globe has undergone, 
the strata have been ruptured, and many points of the surface 
have been elevated to gicat heights, m the form of moun 
tains ; and hence il is that fossils aie sometimei foun 1 it. the 
summit of the highest mountains, though the locks contain 
ing thern weie originally foimed at the bottom of the sea 
But even when folded or paith broken, then relative age 
may still be determ ned by an elimination of the ends of 
the uptuined stiata, wheie the^ appeal or oiop out in sue 
cession, at the "iurface or on the sk pes of mounliinii, is ^een 
in the dia^iim, (Fet 154) 

460. The sedimentary rocks are the only ones which have 
been found to contain animal and vegetable remains. These 
are found imbedded in the rock, ;ust as we should find them 
in the mud now deposited at the bottom of the sea, if laid 

parison and detailed study of them belongs to Geology, of 

« Underneath the deepest Btrattt containing fossils, between these end 
the Plutonio rocks, ate generally found veiy estenaive layers of slates 
mithoat fossils, (gneiss, mica-slate, talcose-slate.) though stratified, and 
known to the geologist under the name of MeiamoTphic Roa&s, (Fig. lol, 
jtf,) being probablj sedimentary rooks, which haTe undergone considoi- 
ahle changes. The Plutonic roolce, as well as the roetamorphio roeka, 
aronot always confined to the lower lerels, but they are often seen rising 
to considerable heights, and tonning many of the loftiest peaks of the 
globe. The former also peneti'ate, in many cases, like reins, through the 

surlace ; as is the case with the trap dykes, and as lava streams actually 
Oo at the present era, (Fig, ISt. T. LA 
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w.iich Paleonlology forma an essential part. A group of 
strata extending over a certain geographical extent, all of 
wliich contain some fosaila in common, no matter what may 
be the chemical chamcter of the rock, whether it be lime* 
stone, sand, or clay, ia termed a geological Formation. Thus, 
the coal beds, with the intervening slates and grits, and the 
(OBsaes of limestone, between which they often He, coiistilnte 
but one formation — the carbon ifeeous formation, 

461, Among the stratified vocka we distinguish ten prin- 
cipal Formations, each of which indicates an entiiely new 
em ift the earth's history ; while each of the layers which 
compose a formation indicates but some partial revolution. 
Proceeding from below upwards, they are as follows, as 
indicated in the cut, and also in the lower diagram on the 
Fwintiepiece. 




1st The Lnwcr Silurian ihis I'l a most o'^tensJve for- 
maiion, no Icsa than eight stages of which haie been made 
nU by Geologists m Noith Ameiica, composed of various 
tiniestones and sandstones.* 

* 1. FatsdamSondstonsi 2. CaldferDua SsudBtouo; 8. Chaiy Lima 
st.inei i. Bicd's-eye Limestone ; 5. Black River Limestone ; 6. Trenton 
limestone ; 7- Ulica SIste ; 8. Hudson River (jioup ; beinp nil found in 
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2d. The Upper SHuHan. It is also a very exleiisivo fe?- 
mation, since about ten stages of it aie foiii.d in the State of 
New York.* 

3d, The Devonian, including in North America no lesa 
(han eleven stages.t. It occurs also in Russia and Scotland, 
where it was first made out as a peculiar formation. 

4th. The Carboniferous Forjnation, consisting trf" three 
grand divisions.^ 

5th. The Trias, or Salifermts Formation, which, contain- 
ing ihe richest deposits of Salt on the continent of Europe, 
comprises three stages,'^ to ODe of which the Sandstone of 
the Connecticut valley belongs. 

6th. The Oolitic Formation, only faint traces of which 
exist on the continent of America. It comprises at least four 
distinct stages.|| o 

7lh, The Cretaceous, or Chalk Formation, of which three 
principal stages have been recognized, two of which are 
feehlj represented in this country, in the Southern and Mid^ 
die States. 

8th. 'I'iie Lower Tertiary, or Eocene, very abundant in the 
Southern States of the Union, and to which Ijelong the 
coarse limestone of Paris, and the London clay in England. 

» I. Oneida Cong5iimerat°e ; 2. Medina SanaBttmBi S. Clinton GroKp; 
4. Niagara Group; 5. Onondsea Salt Qi'oup; 6. Witer Limestone ; 
7. PenlamecuB Limestone; 8. Delthjrls Shaly Umestone ; 9. Enorinal 
Limestone; 10. Upper Pentamerus LimeBtone. 

t 1- Oriskany Sandstone ; 2. Caiida-Gallj Grit; 3. Onsndaga Lime- 
stone-, 4. Comiferous Limestone; 5. Matoellus Shale; 6. HamilioQ 
Group; 7. Tully Limestone; 8. Genesee Slate; 9. Pottage Gioup; 
10. Chemung Group; II. Old Eed Sandstone. 

+ 1. The Permian, exIensiTsly developed in Russia, especially in tlio 
government of Perm ; 2, The coal measures, containing the rich deposits 
of eoal in the Old and New World ; 3. The Magnesian Limestone of 
England, 

( I. New Ked Sandstone; 3. Muaehelkallt ; 3. Keiipev. 

II 1. Tile Lias ; 3. The Lower Oolite ; 3, The Middle Oolite i 4 The 
Upper Oolite 
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9ll]. The Vpper Tertiary, or Miocene and Fle-iocme, 
found also ic the United Statea, as far north as Martha s 
Viaeyfu'd and Nantucket, and vety esleusive in Soulherr. 
Europe, as well as in South America. 

10th. The Drift, forming the most superfiiiial deposits, 
and extending over a large portion of the northern coantviea 
in both hemispheres. 

We have thus move, than fotty disiijict layers already 
made out, each of which macks a distinct epoch in the eartii's 
history, indicating a more or less extensive and important 
change in the condition of its surface. 

462. All the formations ace not every where found, or are 
not developed to the same extent, in all places. So- it is 
with the several strata of whicli tliey are composed. In 
olh^r words, the layera of the earth's crust are not continuous 
throughout, liite the coats of an onion. There is no place on 
the globe where, if it were possible to bore down to its 
centre, all the strata would be found. It is easy to under- 
stand how this must be so. Since irregularities in fho 
distribution of water upon the solid crust have, necessarily, 
always existed to a certain extent, portions of the earth's 
surface must have been left dry at every i 
history, gradually forming large islands and c 
the changes were multiplied. And since the rocks were 
formed by the subsidence of sediment in water, no rocks 
would be formed except in regions covered by water; they 
would be thickest at the parts where most sediment was 
deposited, and gradually thin out towards their circumference. 
Wo may therefore infer, that all those portions of the earth's 
surface which are destitute of a certain formation were dyy 
land, during that epoch of the earth's history to which sucli 
formation relates, excepting, indeed, where the rocks have 
been subsequently removed by the denuding action of watei- 
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463 Each fornntion rep e&ents ^n immense peiiwd of 
time, djiing whch thi> eailli was inhabited bj successive 
nces of aiimals and plants who!.e ieu'iLns aie often found 
111 then natunl position in th" phces wheie they li\ed and 
died not scatteied at landom though sometiniPa minnled to 
gelher bj currents of watei or other mfluences subsequent 
to the t me of their interment From the mannei in which 
the rcmaitis of various species aie found associated in the 
rock, t is easy to letermine whethei the animals to which 
these lemain" bphnged lived in the water, or on land on the 
beich or n the Jppths of the ocein, in a w^rm oi m a cold 
climate Tl e\ will be found assocnted in juat the a^me 
wiy IS in mals are that Ine under similar influences at the 
present dij 

464 In most geological formations the number of spe 
cies of animals and plants found in any local t) of gnen 
e-rtont IS not below that of the species n-iw living, m an 
area of eq lal e\tent and of a similar character foi though 
in some depo its, the varielj of the animals contained maj 
be less, ill others it is greater than that on the present surface. 
Thus, the coarse limestone in the neighborhood of Paris, 
which is only one stage of the lower tertiary, contains not 
less than 1200 species of sliells ; whereas the species now 
living in the Mediterranean do not amount to half that num- 
ber. Similar relations may be pointed out in America. 
Mr. Hall, one of the geologists of the New York Survey, has 
described, from the Trenton limestone, (one of the ten stages 
of the lower Silurian,) 170 species of shells, a number almost 
equal ti that of all the species found now living on the coast 



465. Nor was the number of individuals less than at 
present. Whole rocks are entirely formed of animal re- 
mains, particularly of corals and shells. So, also, coal is 
CoRipossd of the remains of plants, if we consider the slow 
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ness vvilh wi icli corals and shells are formtfJ, it will give us 
some fa.Dt iiolioii of the vast series of ages tlial must have 
elapsed in order lo allow the formation of those rocks, and 
their regular de|josition, under the water, to so great a lliick- 
ness. 11", as all things combine to prove, this deposition took 
place in a slow and gradual manner \a each formation, we 
must conclude, that the successive species of animals found 
ill them followed each other at long intervals, and are not the 
work of a single epoch. 

4S6. It was once helieved that animals were successively 
created in the order of their relative perfection ; so that the 
most ancient formations contained only animals of the low- 
est grade, such as the Polyps, the Echinoderms, to which 
succeeded the Mollusks, then the Articulated Animals, and, 
last of all, the Vertebrates, This theory, however, is now 
untenable ; since fossils belonging lo each of the four depart 
menls have been found in the fossiliferous deposits of every 
age. Indeed, we shall see that even in the lower Silurian 
formation there exist not only Polyps and other Radiata, but 
also numerous MoUusks, Trilobites, (belonging to the Articu- 
Lata,) and even Fishes. 



AGES OF NATUEE. 

467. Each formation, as has been before stated, (460.) 
amtains remains peculiar to itself, which do not extend into 
the neighboring deposits above or below it. Still there is u 
connection betweea the different formations, more strong in 
proportion to their proximity to each other. Thus, the ani- 
mal remains of the Chalk, while they differ from those of all 
0))ier forniations, are, nevertheless, much more nearly related 
19 « 
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to those of the Oolitic ibrmalion, wSiicli immediately p 
than to those of the carboniferous formation, wliich is much 
more ancient; and, in the same manner, the fossils of the 
f g P IP h ly 1 h 
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fossil remains, which, Hy ceilam gei e al traits stamped upon 
Ihem, clearly indicate the eias to which they belong. 

469. We distinguish four Ages of Natuie corresponding 
to the great geological divisions namely 

1st. The Primart/ oi Palteo oie Age compiising the lower 
Silurian, the upper Sikrian and the De^omai During ihia 
age there were no air-breathing animals. The fishes were 
the masters of creation. We may therefore call it the Reign 
of Fishes. 

3d. The Secondary Age, comprising the carboniferous for- 
mation, the Trias, the Oolitic, and the Cretaceous formations. 
This is the epoch in which air-breathing animals fifsl appear. 
Reptiles predominate over the other classes, and we may 
therefore call it the Reign of Reptiles. 

3d. The Tertiary Age, comprising the tertiary forniationa 
During this age, terrestrial mammals, of great size, abound 
This is the Reign of Mammals. 

4lh. The Modem Age, characterized by the appearance 
of the most perfect of all cn.'atod beiiigf. This is the Rfign 
of Man. 
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Let ua review each of theae four Ages of Nature, with 
reference to the diagram at the beginning of the volume. 

470. The Paleozoic Age. Reign of Fishes. — The 
palmozoic fauna, being the mos' remote from the present 
epoch, presents the least resemblance to the animals now 
exlsung, as will easily be perceived by a glance at the Ibl- 




Fig 155 
lowing 'sketches (Fig 155 ) In no othei cis do we mea 
with amnnali of sulK extiaoid naiy shapes, as m the slnta 
of the Palseozoic age. 

4"il, We have already stated (466) that there are found, 
ill each formation of the primary age, animal remains of all 
the four great departments, namely, veilebrates, articiilala, 
mo Husks, and radiafa. We have now to e\amme to hIioI 
peculiar classes and fairilies of each depaitment these re- 
inal-is belong, with a view o ascertain if an^ lelation belneen 
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molluslis with unequal \alves, haimg peculia a| | endagea 
in the iiilerior. The Leptmna alte> nata, (b ) wh h s found 
Tei7 abundantly in the Trenton limestone is o e oi these 
sheila. The only fossils yet found m the Potsdai i st ds one 
the oldest of all fossilifeious deposils, belong alt> U tl s 
family, (Lingula pi-itna, a ) Besides this the e a e also 
found some bivalves of a les,s uncommon shape, (Aeicula 
decussata, e.) 

474. The Gasteropods are less abundant ; some of them 
are of a peculiar sliape and slritcture, (Sucania expansa,fi 
Euomphalus hemisphericus, c.) Those more similar to out 
common marine snails have all an entire aperture ; those 
with a canal being of a more recent epoch. 

475. Of the Cephulopods wo find some genera not less 
curious, part of which disappear in the succeeding epochs; 



* (.ijCyailioerinta oitiatiasitiait, Hall; [j) Melocrinus AmpfoH-a, Goldf. ; 
(A) Carioo'lmis meatus. Say ; (!) Colutnnarla alveolata ; (ni) C'l/atAo- 
jA^llvm qiitid-igemimim, Gotdf. ; (n, o) Caninki Jlemiosii : l_p) Okmtetea 



HnslcdhyGoOgIC 



Buci, in particulai-, as those of the straigh., chambered shelU 
called Orthoceratiles, some of which are twelve feet inlenglh, 
(Orlkoeeras fusiforme, g.) There are also found some of a 
coiied shape, like the Ammonites of the secondary age, hut 
having less complicated partitions, (TrocftofitesmiimoniMS,!/.) 
The tiuf cultle-fishes, nhich are the highest of the class, 
aie nut yet found Oo the cootrary, the Bryaioa, which 
ha^e long been consideied as polyps, but which, according 
to all appeiiances, aie moUusks of a very low order, are 
very numeioij-> in this epoch 

476 The Aiticulata of the Palfeozoic age are mostly 
Tnlobites, animals which evidently belong to the lower 
order of the Crustaceans, {Fig. 156.) There is an incom- 
p)etene'!a and want of development, in the form of theii 
body, that stiongly lommdg us of the embi^o among the 
crabs A great many geneia have already been discovered. 




We nny considci as belonging to the more extraordinary 
the foims heio lopiesetited, (JTmyes, a ; Arges,h; Bron- 
tes, c, and Platynotus, d ,) the latter, as well as ihe Isotelus 
the latgest of all, bemg peculiar to the Pateozoic deposit of 
(his country. Some others seem more allied to the crusla. 
nenos of the following ages, but are nevertheless of a very 
extraonlinary form, aa Eurypterus rendpes, (e.) There are 
a^o found, in the Devonian, some very large Entomostraca. 
Thn class of '^'jrma is represented only by a few Serpulffij 
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which ace marine worms, surraunded by a solid slieath. The 
class jf Insects is enlirely wanting. 

477. The inferiority of the earliest inhabitants of our 
earth appears most striking among the Vertebrates. There 
are as yet neither reptiles, birds, nor mammols. The fishes, 
as we have said, are the sole representatives of this division 
of aniraals 

478. Bit the fishes of that early pei od we e not like 
ours. Some of them had the most extraoid nary foims bo 
that ihej hi\e been ofei m stake n foi quite difierent ani- 
mals; foi eximple the 1 tci ic7 1! ys (a ) with its two wing- 




Lke 



Fig. 167- 
I also the Coccosteus (b) of the f 



deposit, with its large plates covei'ing the head and the ante- 
rioi pait of the body. There are also found remains of 
shark's spines, (e,) as well as palatal bones, (d,) the latter of a 
very peculiar kind. Even those fishes which have a more 
regular shape, as the Dipterus, (c,) have not homy scales 
like our common fishes, but are protected by a coat of bony 
plates, covered with enamel, like the gar-pikes of the 
American rivers. Moreover, they all exhibit certain char- 
actevistic features, which are very interesting in a physio- 
logical point ol view. They all have a bread head, and a 
tail lermina'ing in two unequal lobes. What is still more 
curious, the 'jesi jresei'ved specimens show no iiitlicutions 
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tif tlie bodies of verlebi-w, but merely of iheir spmous pro- 
cesses ; from which it must be inferred that the body of the 
vertebra was cartilaginous, as it is ia our Sturgeons, 

479. Recurring to what has been stated on that point, in 
Chapter Twelfth, we thence conclude, that these ancient 
fishes were not so fully developed as most of our fishes, 
being, like the Sturgeon, arrested, as it were, in their devel- 
opment ; since we have shown that the Sturgeon, in its oo 
ganization, agrees, in many respects, with the Cod or Salmon 
at an early age. 

480. Finally, there was, during the PaliBozoie age, but 
little variety among the animals of the different regions of 
the globe ; and this may be readily explained by the pecu- 
liar configuration of the earth at that epoch. Great moun- 
tains did not theo exist ; there were neither lofty elevations 
oor deep depressions. The sea covered the greater part, if 
not the whole, of the surface of the globe ; and the animals 
which then existed, and whose remains have been preserved, 
were all, wilhout exception, aquatic animals, breathing by 
gills. This wide distribution of the waters impressed a very 
tinifonn character upon the whole Animal Kingdom. Be- 
tween the different zones and continents, no such strange 
contrasts of the different types existed as at the present 
epoch. The same genera, and often the same species, were 
found in the seas of America, Europe, Asia, Africa, and 
New Holland ; from which we must conclude that the 
climate was much more uniform than at the present day. 
Among the aquatic population, no sound was heard. AH 
creation w>3 then silent. 

481. The Sepomdary Age. Reign of Reptiles. — The 
Secondary age displays a greater variety af animals as well 
as plants. The fantastic forms of the Pateozoic age disap- 
pear, and in their place we see a greater symmetry of shape. 
The advance is particularly marked in the series of verle- 
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butca Fi lies nie no longei tlie soIp repiesen 

th'it depaitment Rr ptiles, birds, and Mirnii 

ly make then appeamnce, but Reptiles aie piepondLiant 

particularly in the oolitic foimation, on which account we 

have called this the Retgn of RejUles 

482 The C1I boaiferoua foimition is the most ancient of 
the Spcondary age Its ftum heirs, in \aiiou9 reipecfs, a 
close anilog> to that of the Palseozoic epjch, especially tn 
Its Tnlobitea and Molluslt& * Besides the^e, wo meet hero 
with the fiisl an breathing aatmals, which are In'jecls and 
Scorpions At the same time, Ian d-phnts first make their 
appeaiftnce, namely, feins of gieat size, club mos';es, and 
other fossil plants This corroborates what has been alieady 
Biid concerning the intimate connection thdt exiats, and 
fiom all times ha^ existed, between animals and the land 
plonis, (399 ) The class of Ciustaceins has aI=o impioied 
during the epoch of the coal It is no longei composed ex- 
clusively of Tnlobites, but the tj pe of horee shoe crabs also 
a])peai'', with other gig-inlic forms Some of the Mollusks 
seem also to appioach those ot the Oolitic penod, p'titiculaily 
the Bivalves. 

4S3. In the Trias period, which immediately succeeds the 
Carbon ifero us, the fauna of the Secondary age acquires its 
definitive character ; here the Reptiles first appear. They are 
huge Crocodilian animals, belonging to a peculiar order, tlie 
Ehizodonts, {Protosaurm, Notosaunis, and LabyHiiihodon.) 
The well-known discoveries of Professor Hitchcock, in the 
red sandstone of the ConnecticLit, have made us acquainted 

• This cireumBtEince, in connection ivith the abeenoe of Eeptiles, has 
caused the coal-measures to be generally referred to the PalEozoic epoch. 
But there are other reasons which induce us to unite the cnrboniferoos 
pi;iod with the secondary age, especially when considering tV-at here the 
land animals first appeal', whereas, in the Palieoznic age, thee are only 
marine animals, brenlhing by gills ; and. also, Ih.lb a liisuriant terrestrial 
vegetation was dsveloped at that epoon. 
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a greu Qumber of birds' tracks {Pig- 158, a, b) belong- 

J tills epcjch, for the most part Indicating birds of gigan- 

se. Thyse impressions, which he has designated under 

e of OriiUMchnites, are some of them eighteen inches 




in length, and five feet apart, far exceeding in size the Hacks 
of the largest ostrich. Other tracks, of a very peculiar shape, 
have been found in-the red sandstone of Germany, and in 
Pennsylvania. They were probably made by Reptiles which 
have been called Cheirolh^ium, from the resemblance of the 
track to a hand, (c.) The Moll «sl(s, Articulates, aod 8.aaiales 
of this period, appraach to the fauna of the succeeding period- 
484. The fauna of Ihe Oolitic formation is remarkable for 
ihe. great number of gigantic Reptiles which il 






this formation we find those enormous Amphibia, known 
under the names Ichtkynsaurus, Plesiosamnis, Megalosaurus., 
and Iguanodon. The first, in particular, the IrM^iyosaunis, 
(Fig. 159, a,) greatly abounded on the coast of the continents 
of that period, and their skeletons are so well preserved, thai 
we are enabled to study even (he minutest details of their 
structure, which differs essentially from that of the Reptiles 
of ihe present day. In some respects they form an inter- 
mediate link between the Fishes and Mammals, and may be 
considered as the prototypes of the Whales, having) like 
20 
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them, limbs i 
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form of c 




Tho Plesiosaitrtis (S) 
agrees, in many respects, with 
the Ichthyosaurus, in its struc- 
ture, but ia easily distinguiaheH 
by its long neck, which resem- 
bles somewhat iho neck of 
some of our birds. A still 
more extraordinary Roptile 'a 
Kg. 100. the Pterodachjlus, {Fig. 160,) 

with its long fingers, like those of a bat, and which is thought 
to have been capable of flying. 

485. It is also in the upper stages of this formation that 
we fii-st meet with Tortoises. Here also we find impressions 
of several families of insects, (Libellulm, Coleoptera, Ichneu- 
mons, SfC.) Finally, in these same stages, the slates of 
Stonesfield, the first traces of Mammals are found, namely 
the jaws and teeth of animals having some resemblance to 



486. The department of Mollusks is largel 
in all its classes. The peculiar forms of the primary age 
have almost all disappeared, and are replaced by a much 
greater vaiiety of new loim= Of the Biachiopods only one 



Fig. 161. 
type is very abundant, namely, the Terehratula, (Fig. 161, a.) 
Among the other Bivalves there are many peculiar forrns^as 
ihe Goniomya {b) and the Trigonia, [r.) The Gasteropoda 
display a great variety of species, and also the Cpphalopods, 
among which the Ammonites are the most prominent, (rf.) 
There are also fnund, for the fjr^t time, nnmerous repiesen- 
ratives of the Cuttle-fishes, under the foim of Bflemnites, 
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(Fig. 162 ) an extinct type of animals, protected by a sheath, 
and terminating in a conical body, somewhat similar to the 
bone of the Sepia, which a 
commonly is the only 
part preserved, (J,) 
4S7. The variety is 

adiates 

rbeie are to bo found re press mitiies of all the cHsses , 
pven liaces of Jeilj fiflies ha\e been made out m the 
slnte of Solenbofen, in Bavaria The PoUps weie very 
abundant at that cpoth, =speciilly m the upppi stages, one 
of which hvi lecened tlip name of Conl iig Indeed, 
Ihure ire found whole leefs of corals in their naluial ; o- 
Bition, similar lo those which are seen in the islands of the 





Pacific Among the most remaikable t} pes of stony Pol3p3 
maybe named the ftnhle Loboph)!lia, {L faiellum, a,) 
ai d vanouB forms of ttee coials, Ltlhodendron pseudosfy- 
hna b) But the giea t I 1 g th E h o- 

(Itrms The Crinoids q m n 

If imer ages Among h m b P 

ms, (c.) There are a k o 

say, free Crinoids (P p a d) U '^ 

fislies are likewise obs d n n 

formation. Finally, th re d a ety 
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Echini, imnDT them Cidaiif, (e,) wilh liige spmes, and 
several other Ijfies not found before, as, foi e\imple tlic 
Dyi,asler, {/) ind the JSucholiles (g ) 

488 Ihe fauna of the Cietaceous peiiod bear^ the 
sime general characters as the Oohtic, but witli a moie 
matked tendency towaids existing forms Thus, the Ich- 
Ihyosauri and Flcstosauri, that chaiacterize the precedLiig 
epoch, iro "succeeded by gigantic Lizards, more neaily 
■Lppioiching the Ueptiles of the pipsenl d ly Among the 
Mollusks a great number of new forms appeal, especial 
ly among the Cephalopoda,* come of which lesemble the 




Gasleropods in llieir shape, but are noioilhr Ic-,". fhit 
bered. The Amniomif. tbi m chcs aiP quite a^. lumcro' 




as in the Oohlic period, and ire in geneial much oma 
mented, (a.) Tbi" Acophala furnish us, also, with pecubai 
types, not oecumng elseivheie, Magas, {(i,) the J 
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(5,) the Htppu) Ues, (f,) and peculiar Spondyh, with long 
Bpines, {d ) TlieiB is albo a great vaiietj of Ga^Iero- 
pois, iniong wliicli aie wmi, [icculni foims of Plcu 




Totomarta, (e ) The Ridiatos aie not ) ifefLoi to iho othei'S 
ir \iijetv * 

189 Tebtii.h\ Age Rttgn of Mainmah — The most 
signifif ant chaiacteiiatic of the TeLtiaiy faunas is their 
gieat leseinblacce to th<«e of the present epoch The am 
mals belong in general to the same fatnihes, and mostly 
to the same getio a, differing only aa to the species And 
the specific differences aie sometimes so slightly marked, 
that a considerable familiaiity with the subject is required, 
in order readily to detect them. Many of the most abundant 
types of former epochs have now disappeared. The changes 
are especially striking among the Molluslis, the two great 
families of Ammonites and Belemnites, which present such 
an astonishing variety in the Oolitic and Cretaceous epochs, 
being now completely wanting. Changes of no less impor- 
tance take place among the Fishes, which are for the most 
part covered with horny scales, like those of the present 
epoch, while in earlier ages they were generally covered 
with enamel. Among the Eadiata, we see the family of 
Crinoids reduced to a very few species, while, on the other 
hand, a great number of new Star-fishes and Sea-urchins 
make their appearance. There are, besides, innumerable 
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These animals, among others, ahound in ihe Tertjary forma- 
lionB of the neighborhood of Paris. The Paleotheriums, of 




which several species are known, aro the most common ; 
they resemh'e, (Fig. 169,) in some respects, the Tapirs, 
while the Anoploiheriums are more slender ooimalg, (Fig. 
169.) On this continent are foucd the remains of a most 
extraordinary animal of gigantic size, the Bosilc 
true cetacean. Finally, in these stages, the earlie 
of Monkeys have he-.?n detected. 
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492. The fauna of tlie upper stage of the Tertiary format 
[ion approachea yet more nearly to that of Ihe present epoc'.i. 
Besides the Pachyderms, that were also predominant in tlie 
lower stage, we find numbers of carnivorous aft'mals, some 
of fbeni much auipa'.sng m size the lions and tigers of our 
diy We meet also gigintic Edentata, and Rodents of great 
Size 

493 The distubution of the Tertiary fossils also revoals 
to us the important fict that, in this epoch, animals of the 
same specii-s WPie circumaciibed in much narrower limits 
than befoie The eiiths surface, highly diversified by 
mounlims and vallejs, was divided into numerous ba 'ns, 
11 bich, 111 e the Gulf of Mexico, or the Mediterranean of this 
dij , cnnfa ned species not found elsewhere. Such was the 
basin of Palis, tlut of London, and, on this continent, that of 
South Cjiolma. 

494. In this limitation of certain types within certain 
bounds, we distinctly observe another approach to the present 
condition of things, in the fact that groups of animals which 
occur only in particular regions are found to have already 
existed in the same regions diiring the Tertiary epoch. Thus 
Ibe Edentata are the predominant animals in the fossil fauna 
of Braz I as ell as present fauna ; and Marsupials were 
formerly as n o in New Holland as they now are, 
though ge e al f ch larger size. 

495, The Moni.EN F 'OCH. ReignofMcm. — ThcPresen' 
epoch h cceeds o lu s not a continuation of, the Tertiary 
age. The e two epochs are separated by a great geological 
event, traces of which we see every where around us The 
climate of the northern hemisphere, which bad been, during 
the Tertiary epoch, considerably warmer than now, so as to 
allow of the growth of palm-trees in the temperate zone of 
our time, became much solder at the end of this period, 
causing the polar glaciers to advance south, much beyond 
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theii previous limits. It was this ice, eilhev floating like ice^ 
bergs, or, as there is still more reason to believt -noving 
along the ground, like the glaciers of the present day, that, in 
its movement towards the South, rounded and pohshed' the 
hardest rocks, and deposited the numerous detached frag- 
ments hroughl from distant localities, which we find every 
where scattered about upon the soil, and which are known 
under the name of erratics, boulders, or grayliRada. Tliis 
phase of the earth's history has been called, by geologists, 
the Glacial or Drift period. 

496. After the ice that carried the erratics had melted 
away, the surfuce of North America and the North of Europe 
was covered by the sea, in consequence of the general sub- 
sidence of the continents. It is not until this period thai 
we find, in the deposits known as the diluvial or pleistocene 
formation, incontestable traces of the species of animals now 
living. 

497. If seems, from the latest researches of Geologists, 
that the animals belonging to this period are exclusively 
marine ; for, as the northern part of both continents was 
covered to a great depth with wafer, and only the summits 
of the mountains were elevated above it, as islands, there 
was no place in our latitudes where land or fresh-water 
animals could exist. They appeared therefore at a later 
period, after the water had again retreated ; and as, from 
the nature of their organization, it is impossible thai they 
should have migrated from other countries, we must conclude 
ihal they were created at a more recent period than our 
marine animals, 

498. Among these land animals which then made their 
appearance, there were representatives of all the genera 
and species now living around us, and besides these, many 
types now extinct, some of them of a gigantic size, such ys 
the Mastodon iha remains of which are found in the uppei'- 



HnslcdhyGoOglc 



irMCLirsiOMS, 



most Rtrala of the earth's surface, and probably the very 
last large animal which became extinct before the creation 

ofir 




4flfl It IS necessarj', therefore, to distinguish two perioria 
in the hiitoiv of the animals now living ; one in which the 
marine inimals were created, and a second, during which 
the land and fie&h-water animals made their appearance, and 
at then head MAw.t 



500. From the above sketch it is evident that there k a 
manifest progress in the succession of beings on the surface 

» Tho above diagcain is a liteHESa of the splendid specimen diaintetred 
at Newbui^, N. Y.,now in the possession of Dr. J. C, Warren, inBoston !, 
the moat complete skeleton which has erer been discovered. It stands 
nearlj twelve feet in height, the tusks ave fourteen feet in lenetli, and 
nearly evety bone is present, m a state of preserviUon truly wonderfijl. 

t The former of these phases is indicated in the fiontjspiece, by 3 nar- 
row circle, inserted between the upper stage of the Tertiarj formation 
and the Tteign of Ma- properly 30 tailed. 
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of the eai'tli. This progress consists in an increasing simt. 
larity to tlie living fauna, and among the Vertebrates, espe 
cially, in their increasing resemblatice to Man. 

501. But this connection is not the consequence of a 
direct lineage between the faunas of different ages. There 
IS nothing like parental descent connecting ihem. The 
Fislies of the Paleozoic age are in no respect the ancestors 
of the Keptiles of the Secondary age, nor does Man descend 
from the Mammals which preceded him in the Tertiary 
age. The link by whicli they are connected is of a higher 
and immaterial nature ; and their connection is to be sought 
in the view of the Creator himself, whose aim, in forming 
tlie earth, in allowing it to undergo the successive changes 
which Geology has pointed out, and in creating successively 
all the different types of animals which have passed away, 
was to introduce Man upon the surface of our globe. 
Man is the end towards which all the animal creation 
has tended, from the iiret appearance of the first Palseozoic 
Fishes. 

502. In the beginning His plan was formed, and from it 
He has fiever swerved in any particular. The same Being 
who, in view of man's moral wants, provided and declared, 
thousands of years in advance, that " the seed of the woman 
shall bruise the serpent's head," laid up also for him in the 
bowels of the earth those vast stores of granite, marble, coal, 
salt, and the various metals, the products of its several revo- 
lutions ; and thus was an inexhaustible provision made for 
his necessities, and for the development of his genius, age 
in anticipation of his appearance. 

503. To study, in this view, the succession of animals in 
time, and their distribution in space, is, therefore, to become 
acquainted with the ideas of God himself. Now, if the suc- 
cession of created beings on the surface of the globe is the 
reaHz'itioK of an infinilelj wise plan, it follows that there 
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relation between the races of am 
mals and the epoch at wliich they appear. It is nt^essary, 
therefore, in order to comprehend Creation, that we com- 
bine the study of extinct species with that of those now 
living, since one is the natunl complement of the other A 
system of Zoology will consequently be tiue, in piopoition 
aa it corresponds with the order of successiun among am 
mals^ 
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Abd&mcn, the lower cavity of the 


Animals and plants, diflcieueeii iio 


body, 41. 




Abtanchiat*3, without gills, 31. 
AealJpha, a clBBs of KadiatBa, many 






species of which produce tingling 
of the skin when handled, IS. 


AnoplothMum, 234. 


Antenna, the jointed feelers ol lob- 


Acephala, tnoUueks having no dis- 
tinct head, like clams, 22. 


Btera, insects, &c., 77. 


ftom the lieart, 116. 


Acoustic, pertMiiing to the aenae of 


hearinH,6S. 
Actinia, digestive appaiatua of, 07. 
Actiuoids, 23. 


Aphidea, reproduction of, 162, 163. 


Apiiphysis, a projection fcom the 
body of a bone, 181. 


Affinity, relationship, 30, 87. 


Apparatus of motion, 73- 


Agea of Nature, 221. 

AHramen, the white of egg, 42, 111, 


Apteta, iTingless insects, 21. 
Aquatic, lii.rng in water. 
Aqueous, like water. 
Aqueous humor, 50. 


Alimentary canal, 97. 
Alimentation, the procesa of nutri- 


Arctic fauna, 107. 


tion, 42. 


Areolar tissue, 38. 


AMntoia, Allantoidian, 149. 


Ar^totle'a lantern, 102. 


Alligator, teeth of, 105. 




Arm, 82; different forms of, B3. 




Artery, 113. 


tween, and metamorphosis, 107- 


Articulates, composed of joints, like 


Ambliuii, 91. 


the lobster or catei-pillar, 21s 


sS3;i;si:sAm. 

Amnios. ISO. 


number of, 27. 


Ascidia, botUe-shaped mollusks 


without a shell. 


Amphibia, 96. 




Amphipods, a family of cruste- 


into bone, muscle, &o., 122. 




Astacus pellueidus, 65. 


Amphiosus. its place, 181. 


Asteridie, the family of star-fishus, 


Amphiuma,aj9. 


23. 


Analogy, 30. 

Anitifa, metamorphoses of, 177- 


Auditory, pertaining to the sense 


of hearing, 56. 


Ancjlftceras, 232. 


Auricle, a cavity of the heart, like 
a little ear, 1I5. 


Animalcule, a minute animal, 24. 


Aiiimal heat, 122- 


Avicula decussata, 224. 


Animal life, 44 ; organs of, 44. 


Axolotl, 209- 


Animals, number of, 27 ; di5tribu- 






Baculites, 232. 
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Bii^-trnc1[3, in red sandstoa 
Birds, number of, 27- 
BivHlve, haring two shells, I 

olam, 27- 
Blastoderm, the embryonic germ, 



Ch'^^t^ 
Chalaza, 



22. 
Brain, t5. 



<n ftesh. 



lycnperdon, !! 



Chalk form: 
Chambers o 
Chamoia, II 



Cheii , .. 

Chelonians. reptiles of the tortuifu 

tiibe, 30. 
Chorion, 151. 

Choroid, coat of the eye, 49. 
Chiysahs, the insect in its passage 



„.ila,120. 

Branehifers, univalve moUusks 

breathing by gills, 22. 
Bronchi, tubes branohii^ froi 

windpiDe in the lungs, lid. 
Brontes, 225. 
flryosoa, 23, 225. 
Bucania expanss, 224 

Culcateoua, composed of lime, 15, 

134. 
Campanularia, repvoduction of, 165, 

170, 
Canine teeth, 106. 
Csninia flexuoaa, 224. 
Canker-vpotm, metamorphoses of, 

176. 
Cannon-bone, 88. 
Canter, 91. 

Capillary vessels, 113. 
Carapace, the upper cohering of the 

Carbon, the basis of charcoal and 

most combustibles, 41. 
Carboniferous rooks, 218, % 
Cariocrinus omatus, iH. 
Camiyora, animals feeding < 

20; teeth of, 107. 
Carpns, the wriBt, 83. 
Cartilage, gristle, 39. 
OBitUaglnous tissue, 33. 
Cell, 37; nucleated, 38. 
Cellule, B little cell, 37. 
Cephalopods, mollusks vith a: 

surrounding the head, like 

outtle-r ' "" 



174, 



Cicatricula, 141. 

Cilia, microscopic hairs, like eye 
lashes, 81, 112. 116, 120. 

Circulation, 87; great, 111; pulmo- 
nary or lesser, 116; complete, 



ustaoeaha-ving curled 



feelers, like the barnacles, 27. 
Class, 18. 

Clavicle, the collar-bone, 83. 
Climate, influence on a f^una, ISS. 

CoccOsteus, 226. 
Cochlea. 53. 

Cold-bluoaed animals, 122. 
Coleopterous, insects nith hard 

wing cases, like the dor-bug, 27. 
Collar-bone, 83. 
Columnaria alveolate, 224. 
Comfittila, metamorphosis ot, 179 

180. 
Condor, 



Const! 



s,67. 



rent portion o: 



Coral-rag, 231. 
Cornea, the transp 

Corpuscles, minute bodies, 39. 
Cossus lignipecda, muscles of, 77. 
" ■ chalk formation, 218 



Cricoid, rii 
Crinoid, lil 



Lg-like, K . 

c-like Etar-R^hes, 23 

i32. 

articulated animals ha-?. 

st-like covering, like the 

1 horse-shoe, 27; hearl 
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243 



Oenoids, fishes wli!ch 1 


-.ve the 


edge of the scales tODlhc 


<1, 20. 




animate, 


moTing by cilia, 23. 





Cuttle-fish, jaws of, 102; heart of, 
U7; metamorphosis of, ISO; 
mode of swimming, 95. 

Cyatho.-rinus omatiarimas, 224. 

Cjathophyllum quadrigemioum, 

Cj'cloids, fishes with smooth scales. 



DecIduoiLS, not permanent duciiu; a 

Ufstime, 199. 
Deglutition, the act of swallowing, 

108. 



Department, a primary division of 

the animal liingdom, 18. 
Developmeiit of the white-flah, 

145. 
Devonian rooks, 218. 
Diaphragm, the psrtitioQ hetween 

the ehest and abdomen, 74, 119. 



Dislc, g. more or less drcalar, fat- 
tened hody, 14. 

Difftoma, reproduction of, 161 ; in 
the eye of the porch, 171. 

Distribution of animals, laws of, 
186 ; in spaee, ISS ; In time, 214. 

Dodo, its disappearance, 210. 

Dorsal cord, 143. 

Dorsal vessel, 114. 

Dorsibranchiates, motlnsks having 
Itills upon the back, 21. 



Drift, 219, 2; 
Drinking, 10a. 
Dnck-barnaole. 
Dysaster, 232. 



itifa. 



3, radiate animals ai 



t-ur-iin, 23; jaws 
of M7; nnode of 



phosis of, m- 
igg, 131; form of, 133; fonnatioa 
of, 133; ovarian, 133; laying of, 
135 ! composition of, 137 ; devel- 
opment of, 139 ! of Infusoria, 172. 

bodies, ®. 
imbryo, the young ai^imn! before 
birth, 33, 132; development o^ 

5mbryology, 131, 139; importance 



Entomiistraca, 21. 
Eocene formation, 218. 
Ephvra, 184, 169. 
Epidermis, the scarf-skin, 129. 
Epithelium-oells, 126. 
Equivocal reproduction, 198. 
Erratics, rollmg stones, S36. 
Euomphalus hemlsphericiis, 224. 
Euvypterui ' "" 



Eustachian tube, 67. 

Excretions, 137- 

Exhalation, 128. ■ 

Bxosmose and Bndosmose, the pro 
oess by which two fluids pasi 
each way through a membram 

booome^'mi^^gled, 127. ' " 
Eye, 48; simple, 51; aggregate 
£3 ; compound, 5i ; destitutioi 
of, 5S ; compared to a camen 
obscura, 51. 



Femur, the thigh b,.iiB, 87. 
Fibula, the smallest ol llie tv, 

bones of the leg, 87. 
Fins, 93. 
Fishes, number of, 37; beart o 



Fissi parous reptoducti 
Flight, ffi. 



Formation, geological, 217. 
Fossil, dug from the eaith, applied 
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leaping, 93,; 
Oalerltes, 233. 
Gnllinacecus, birds ullied to the do- 

meBOc fowl, 190, 
Gallon, 91. 
Ganglions, Bcattered nervous ma&s- 

CB, from nhich nervous threads 



Oar-pike, 1 

GAsterapods, moltusks wbicb ci'awl 

by a flattened dish, or foot, on 

the under part of the body, like 

the snail, ^■ 
Gastric juice, 9B. 
GaTinl, a ci'ooodile, with a long, 

slender head. 
GemmipaiMus reproduction, propa- 



Geographical distribution of ani- 
mals, 186 ; conclusions, 207- 

Geoloaio8l Bucoession of animEils, 
2H. 

Germ, the earliest manifestation of 
the embryo, 12, 141. 

GetminatiTe disk, 133, 137, MI; 
Teaicle, 133,137,138; dot,137,I38. 

Qestfttion, the carrying of the young 
before birth, 135. 

Gills, 31, 120, 124. 

GizjBid, B9. 

Glacial period, 230. 

Glands, 127; saltTary, 12?. 

Globules of chyle, 100. 

GlotMs, 65. 

Goniomya, 230. 

Grallatores, birds with long legs for 
wading, 20. 

Oiand-nurses of Cetcaria, 162. 



Gullet, 99. 

Haniitea, 23 
Hand, 83. 



sandstone, 2ie. 



Hetbivora, animals feeding or 
Hibernation,' torpid state o 

m. 



Eolothtii 
le-mar. 
Homoi 



loeneous, 
■fogy, 30. 



5, biche- 
iniforminkind,12S. 



Hyaline matter, pure, like glass, 33. 
Hydra, egg of, 183 ; propagatloa of, 

156, 158. 
Hydrogen, a gas which is the prin- 

Hyifcoida, a feniily of polyps, 23. 

^hthyosaurns, 229, 282. 



- ]ect5, number of, 37- 

iGssores, perching birds, like 
lirde of prey, 20. 
itinct, 67, 69. 

lercellular passages, 37. 
ircrtebtates, animals destitute of 
.1 back -bone. 
Iris, the colored part of the eyf 40 



Lactcala, yeaae'.s which take up the 
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Menotr&nolius, 3 



Leaping, 9 

Lemming, 190, 197. 

Leptania alteraata, 224. 

LeBtna, 72. 

Lite, 33 4*. 

[jnxbB, Si. 

Limnea, parasites of, 160, 1 

Lingula prima, 224. 

Iiithodendron pseudostylim 



LnbstE 



Lymphatlo ^ 



sela, IC 



Mawoostraca, 21. 

Mammtile, animals which nurse 

their joune, 19 : number of, 27 ; 

reign of, 2ffl. 233. 



212; his I 



Mana._ 
Mandno 



f ofold m 



re, 25. 



■shed with 
reproduo- 



Marchnntia 

tion of, 16 
Mari, earth prineipally composed 

of decayed sheila and oorals, 218. 
Marsupials, animals with a pouch 

for carrying their youtw, as the 

opoasum ; cestation of, IBS. 
Maraupltea', 233. 
Masdoation, lOL 
Mastodon, 2r 

bryo is dei 



n which the em- 



Medulla oblongata, oontinuation of 
the brain into the back-bone. 

Medosa, jelh-lilEe animals living in 
the sea, 28; development of, 163 ; 
digeative organe, 93 motion 80. 

Megalobitrachus, 209. 



Menopdma, 202, 209. 

Meraanser, an aquatic bird allied tc 

the goose, 66, 193. 
Metacarpus, the wrist, S3. 
Metataraua, 87- 
Metammphie roclts, 216, 174. 

lorphoais, 149, 167 1 of the 



Billt-w 



175; 



170: duck-batnade, 177; star-fiah, 
178; eomatula, 179. 

Micraster eor-anguinum, 232. 

Miocene formation, 219. 

Modern age, 222, 235. 

Molar teeth, 106. 

Molecules, very minute particles, 35 

Mollusks. soft animals of the snail 
and oyster kind; heaiE of, 117; 
liver of, 129 ; number of, 27^, meta- 
morphosis of, 179. 

Monkey, teeth of, 107, 205. 

Moniiculus, mode of carrying eggs, 
13.5 ! motion, 73 ; apparatua o^ 73. 

Moulting, the shedding of feathers, 
hair, &c., 128. 

Muscles, 73: disposition of, in In- 
sects, 77 ; in fishes, 78 ; in birds, 
79. 

Mtisoulav tissue, 39. 

Mysine glutinoaa, its eye, H. 

Katatores, hhds with webbed feet 
for awimming, 20. 

Naiica, tongue of, 102 ; heart of, 117. 

Nautili, ■■" 

Neptun 

Nereis, 
eye, 53. 

Nervous system, 44 ; in mammals, 
46 ; in artioulatea, 46 ; in crusta- 
ceans, 46 i in radlatea, 47. 

Nest of Baltimore oriole, 70 ; of tai- 
lor bird, 70; of Ploceus, 71. 

Nomenclature, the naming of ob» 
jeetB and their classes, tainily> &B. 

Nostrils, CO. 

NotosSurus, 228. 

Nucleolites, 232. 

Nucleolus, a little nuolens, 38. 

Nucleus, a kerne), or condensed 

Nudihi"* 
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uell, i6, 60. 
OmnWora, fesdiag upon all kinds 

of food, 107. 
Oftlitio formation, 218. 
Operonlnm, & cover for the apertorc 

of a shell. 
Ophidians, animals of the serpent 

kind, 20. 



in the eats of 
which eg^E 



OtolitoB, U 

molluska 

Ovary, the 

Oriduet, the pasaage through iihich 

the egg ia excluded, 131. 
Oiiparoua, produciog eggs, 131. 
Ovis montitiia, 192. 
Ovo-viTiparoua, animals whieh 



liks the elephant, hog, Sec, 



Palpati 

Palpi, jointed organs for loucl 
about the mouth of insects, 61, 
Papilla, a little pimple, 62. 
Paramecift, reproducLon of, 157. 
Parasitic, living on other objects. 
Pasaeiine birdsofthe sparrow kinc 



Peripheric, 
Peristaltic r 



1,100. 



e, 153. 



Petti factioi 

Figment, a coloring substance, 40. 
Pituitary membrane, 61. 
Placenta, the organ by which the 

embryo of mammals is attaohed 

to the mother, 152. 
Placoids, fishes with a rough skin, 

like the shark or skate, SO. 
Planaria, its digestive apparatus. 

Plant-lice. See Aphides. 



Platyno 



nalE, 41. 



iparcd with 
I, 325. 

_brmation, 219. 

PleaioeAurus, 229, 232. 

Pleorotomaria, 233. 

Ploceua Philippinus, nsst of, 70. 

Plutonic tocka, 218. 

Podutella, mode of leaping, 92 ; em. 
bryoof, H4; egg of, 133. 

Polyps, a small animal A^ed at one 
end, with numerous flexible feel- 
ers at the other, 37, 53i repro- 
duction of, 158. 

Prehension, act of grasping, 109. 



ProE 



, the part of the e 
lie embryo, 141. 



Priteus, 2C_. 

Protos&urua, 228. 

Piotroctile, capable of being en- 

Ptei'ichtliys, 226. 

Pter6coma piun^ta, 231. 

Pterodactylus, 330. 

Pteropods, molUisks with wing-like 

espansiona for swimming, 22. 
Pulmonary, relating to the longs, 

116. 
Puimonates, molluslcs whic!l 



Py™l», n 

Quadrumi 



;a3es of, 13o. 

us, four-handffd, 201 
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Qimdrupei, animals iv 



of the bones of the 



Beign of fishes; of man, WS; of 
niamma]s,233; of reptiles, 233. 

Itelatioa, functions of, H. 

Reproduction, 131 ; peculiar modes, 
158. 

Eeptiles, mHHher of, 27; reign of, 

Resp/ratioV, 97, 118. 

EetB maeOBom, 129 ; retina, 49, 

Efltraotile, that may be drawn 

back, 8i. 
Rhiaodont3,20i of the liias, 228. 
Rhizopods, 22, 
Rocks, clsssifioation of, 215; defl- 

nition of, 215. 
Rodents, quadrupeds with teeth for 

ffnawing, 107. 

-—of, 103; eggs of, 173. 
■ vW ■ ■ 



Rotife 
Kmnins 

Run^im 
Rjtiuaf 

Sal^ni 



ladrupeiis which chew 

ill^, 210. 

3. 

rous formation, 218. 



ing, 20. 
ScaphitfiB, 2 



Boa-urohin 
Secondary 



U adapted for climb- 

the principal coat of the 

laws of, 101, 

1, eye of, 53; d^estive 



. ..,*l7?126.' 
intary rocks, 319. 



1, watery, 142, 
, egg of, 133. 



Skeleton, 74, 77. 



■8 of, 123. 
tancyof,67i deEKitiDr. 



1, 171. 



Spores, the 
ferna, &c,, iiu. 

Standing, B8, 

Stapes, 57, 

Star-fish, metamorphoses of, 173 
eye of, 53; mode of progression, 
81; reproduction of parts, 126. 

tle'adroissmn'of^rilS^*" *' 
Stomach, 07. 
Stratified i-ocks, S15. 
Sh-atum, a layer. 
Strobila, 1G4, 160. 
Structure of the earth's crust, 214 
Sturgeon , compared nith whlLU- 

fish, 180. 
Suctoria, insects taking their food 

Swftaming, 93. 

" ■ ■ ■ ■ - ■. of, 70, 



a, reproduction of, 140, 



Temperate faunas, 198, 
Temporal, relating to the temples. 



Tertiary formation, lower, 2 
per, 319, 
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INDEX AND GLOSSARY. 



Teat, the briatle crust covering the 

Teuthideane, the family of cnttle- 

flshes, 22. 
Tihia,onBoftheboneaoftheleg,87. 
Tissues, 37 i Hreolsr, 38; oatUlagi- 

Tong'ae, 62. 
ToQCh, 68. 
Trachea, the windpipe, 119._ 



TcaiiBudation, 127. 
Trias fanaatiou, 218, 228. 
TriRama, 230. 



Tropioat faunae, 201. 

Trot, 9!. ■ 

TubuUbranehiatea, 21. 

Tuiiicata, molluaks with a leathery 
covering, 150. 

TumJites, 232. 

Tympanum, a drum ; the membrane 
aeparatina the internal and exter- 
nal ear, -57. 

Type, an ideal image, 18. 

Plna, one of the bones of the arm. 



the snail, 27. 
Fascnlar, composed of vt 



ivity of the heart, 115 



Vertical, in a perpendicular dlreO' 

Vesicle, a Email membranous bag, 

37. 
Vestibule,a porch ; the entrance to 

one of the cavities o( the ear, 58. 
Vibratile, niovino to and fro, 113. 
Viscera, ISO, 
-- ■ ' IDB, 138. 



Vitellus, 137. 
Vitreous humf 



producing living youiii;, 

Vooal cords, 63. 

Voice, 64. 

Voluntary, under control of the will, 

43. 
VortiocHa, reproduction of, 157, 15R 

Walking, 90. 

Warm-bloodod animals, 122. 
"Water-tub esofaquatio animals, 133. 
Whale, fans of, 1U4. 
"Whales, mode of swimming, 94. 



Zoology, its sphere, 25. 
Zoophytes, animals of a very low 
lostly fixed to the ground. 



of a, plsnt-hke form. 
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LIST OF THE MOST IMPORTANT ATJTHOUS 



GEXERAL ZOOLOGY. 
Aristotle's Zoology; Linn isus, System of Nature; Cuirier's Animal 

— ■ -■ - ■ - ~ reia, and Views ot Nature! 

t's Hiatory of thp Natural 



ANATOMY AND PHYSIOLOGY. 
Henle's General Anatomy ; and most of the InrgH works on Compara- 
tive Anatomy, Physiology, and Botany, such as those of Hunter, Cuvier, 
Meokel, Muller, Todd and Bowman, Grant, Owen, Carpenter, Ryraet 
Jones, Hassal^ Quain and Sharpey, Bourgery and Jacob, Wagner, 
Siebold, Milne Edwards, Carus, Sohleiden, Burmeister, Lindtey, Eobett 
Brown, Dutroohet, Decandolle, A. Gray. 



Os Special SuiijiiCTS or Anatomy ajto Physiolooi' may b 

Schwann, on the Conformity in the Structure and Growth of Ani 
and Plants, 

Dumas and Boussingaalt, on Respiration in Animals and Blanta. 

Valentin, on Tissues ; and Microscopic Anatomy of the Senses. 

Siomniering, Figures of the Eye and Ear. 

Koliiker, Theory of the Animal Cell. 

Breschet, on tha Structure of the Skin. 

LrKomofion; Weber, and Dogea. 

Teeth; Fred. Cuvier, Geoff. St. Hilaire, Owen, Nasmyth, Retzios. 

Blood; Bollinger, Barry. 

Dtgrntian; Spallanaani, Valentin and Brunner, Dumas and Boi 
gault, Ijebig, Matteuooi, Beaumont. 



INSTINCT AND INTELLIGEHCB. 
enbach, Spur^heim, Combe. 
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